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PREFACE. 


The reprint of the Second Edition of this Book being exhausted 
a new Edition has been prepared. 

The Tables, Eormulse, and Specifications have been carefully re- 
vised, and a good deal of new matter, particularly with reference 
to Water-supply, has been added ; the Book now forms a complete 
compendium of information on all kinds of work ordinarily carried 
out by the Military Woi:ks Services. 

The work is based on the Handbook drawn up by Mr. Tyndall 
for the Executive Engineers of the old 3rd Circle of the Military 
Works, and is not intended to supersede standard works on the 
subjects dealt with, but merely as a Handbook for use generally in 
the preparation of estimates. 

S. 0. TURNER, Majoe-Gbreral, 

Director-General, Military JForks. 
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SPECIFICATIONS. 





SPECIFICATIONS. 


These Specifications are general ones for guidance in the execution oj 
work throughout the Department ; they are not intended to supersede Divi- 
sional Specifications where such exist duly approved by proper Authority. 

E.artliwork. 

I. Excavation. Excavation for Foundations, Earthivork, ^c . — 

1. The excavation for foundations is to be in exact accordance with 
the plans, sections, &c., furnished, and care must be taken that the bot- 
toms of the trenches are perfectly level, both longitudinally and trans- 
versely, and that the steppings, where indicated on the plans, are strictly 
attended to. 

2. If the excavation is in earth, the bottoms of the foundation trenches 
are to be well watered and rammed, care being taken that too much 
■water is not used, or soft mud may be formed ; and if such ramming 
brings to light any soft or defective places, a report is at once to be made 
to4;he Executive Engineer, and the holes should then be filled in with 
concrete, or be treated in such a way as the Executive Engineer may 
direct. 

B. When rock has to be excavated, the lower surface of the trenches 
must be made as level and true as possible in accordance with the plans, 
and -the Executive Engineer’s directions must be taken as to the filling in 
with concrete of any small inequalities which it might be difficult or 
expensive to level. 

4. No material excavated from foundation trenches, of whatever kind 
dt^may be, is to be placed nearer than one foot to the outer edges of the 
.excavation. 

■5. As soon as the foundation ti’enches are completely excavated in 
exact accordance with the drawings, (or as directed by the Executive 
Engineer,) and made ready in other respects as above described, a report 
is bo be made to -the Executive Engineer to this effect, in order that he 
may make a .final inspection of the work, and that he may give orders for 



( 4 ) 


the commencement of the building of the foundations. Without such 
inspection, accompanied by the Executive Engineer's written permission 
given to the Contractor or Overseer in charge, the building is not to be 
commenced on any account. 

G. II. Eartli filling, &c. — As .soon as the building is finished to the 
top of the plinth level, the space between the foundations and tlie side of 
the foundation trenches is to be cleared of whatever debris may have 
fallen therein, and is to be then filled in with earth laid in 9-inch courses, 
well watered and rammed. 

7. As soon as the superstructure of the main w.alls is 2 feet high 
above the plinth level, the plinth may be filled in with earth in 9-inch 
courses, well watered and rammed ; and a sufilcient depth of this earth 
may afterwards be removed where required, so ns to make room for the 
specified flooring. 

8. On completion of the building, the ground all round to a distance 
of 60 feet is to be carefully dressed and given a gentle slope outwards of 
1 in 40. 


Mortar. 

1. Lime. — Limestone or kanknr must bo burned with coal, charcoal 
or wood, and not with tipla (cowdimg cakes). A design for a kiln is given 
in Plate XVIII. 

2. Lime must be delivered at the site of the mortar mill quite fresh, 
I'.e., within seven days of tlie date on which it was burned ; it must be 
entirely free from ashes, under-burned particles, and other impurities. 

3. Lime may be cither slaked, or ground fine in properly made mills 
as shown in Plate XIX., according to the custom in the district in wluch 
the manufacture is being prosecuted, or as may be directed by the Execu- 
tive Engineer ; but it must always have been passed through a sieve of 
64 meshes to the inch, before it is put in the trough for mixing. 

4. Surldri must always be made of thoroughly well burned bricks, 
by grinding or pounding the latter. It must be perfectly clean, free 
from any admixture of foreign matter, and it must have been passed 
through a screen of 64 meshes to the inch, before being mixed with the 
lime. 

5. Sandl or Budjri.— Sand must be sharp, clean, river sand, free 
from all admixture of earth or other impurities, to effect which, it must 
be washed when necessary. In a similar way as in the case of siirkhi, 
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it must have been passed tlirougli a sieve of 64 meshes to the inch, before 
being mixed for mortar. 

G. Mixing. — Mortar will be composed of lime and surldii or sand 
in various proportions according to the nature of the lime used, to be fixed 
by experiment at each station, and approved by the Superintending Engi- 
-neer. The specified proportion of lime is always to be in lime powder, 
either hot ground or slaked lime and not in lump. (On pages 7 and 8 the 
proportions used at various stations of the Meerut Circle are given). 

7. All mortar will be mixed by measure, not by the weight of the in- 
gredients, which will be ground in the mill as before described, until they 
are thoroughly incorporated, care being taken that too much water is not 
used in the operation. The grinding must continue for four hours at least 
before the mortar can be considered fit for use. 

8. !Mortar which has once sot, or which has lain for more than 24 
hours after it has been ground, must on no account bo used in any work. 
When using kankar lime for plastering it is however better to leave it 
for some time to sour. 

9. Mortar should bo kept ready for use in the narrow troughs shown 
in Plate XIX., and in hot weather it should be covered with matting 
or thatch to prevent its drying or sotting too quickly from excessive heat. 


Concrete. 

1. Ingredients, — Concrete is to be composed of the ingredients 
found by experiment at each station to be most suitable, and approved by 
the Superintending Engineer. (On pages 7 and 8 the proportions used 
at various stations in the hlcerut Circle are given). Its position and 
dimensions should be those shown on the plans, unless other directions 
shall be specially given by the Superintending or Executive Engineer. 

2. Mortar. — The mortar for concrete will be prepared ns described 
above. It must then be thoroughly incorporated with the broken brick, 
broken stone, or gravel, (as the case may be,) or prepared as ma}’’ be 
specially directed. 

3. Ballast. — The broken stone, broken brick, or gravel, must be 
perfectly clean and free from all impurities before being mixed with the 
mortar, and must have been soaked in water for at least four hours pre- 
vious to mixing. 

4. For the mixing of the concrete, a special broad shallow platform 
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must be built. This platform should be floored with brick or flagging, 
so as to keep the materials clean and pure. 

5. Broken brick must be thoroughly well burned, and no individual 
piece, either of this material, of gravel, or of broken stone, which is in- 
tended for use iu concrete, should exceed in size what will pass, in any 
■direction, through a ring inches in diameter. Smaller pieces may be 
used, however, with advantage, down to those which will pass through a 
ring half an inch in diameter. 

6. Laying. — The concrete must always be used while quite fresh. 
It must be laid (not thrown) in the trenches, or in any position in which 
it may be desired to place it. 

7. Concrete should be laid in courses, each course being as nearly ;6 
inches in thickness, as the convenience of construction will allow. Each 
course is to be well rammed and .cousoHdated before the next is laid. 

8. No .concrete is to be laid after 2 p.m., this is to ensure its being 
properly consolidated before night-fall .and prevent the necessity for further 
ramming next day after the mortar has had time to .set. 

•9. Concrete must not be laid in too fluid a consistency, after it has 
been mixed no more water should be added, the surface diu’ing and after 
consolidation must however be kept damp for at least seven .days. 

10. Iron rammers, not weighing less than 12 lbs., should be used, 


and the ramming should continue until the lime has partially set, or 
until a walking stick, when dropped endways upon it from a height, will 
rebound from the surface : with brick ballast wopden ranamers may be used, 
11. In laying consecutive layers of concrete, the lower course sho.rdd 



be well watered before the 
upper is laid ; and, where 
it is necessary to make 
joints in layers, they 
should be arr^inged as 
.shown in the margin. 


12. Por.tlancl Cement Concrete.*— The concrete should .be piixed 
in the following proportions, viz . : — 

Brpken stone, small, 3 parts ; clean sharp fiver sand, 2 parts ; .cement, 1 
part. In large walls o.r heavy foundations 30 cubic feet of large .stones 
may be added to 100 cubic feet of the cement concrete, rnixed as aboye, 
before laying. 

* For further particulars regarding Portland cement concrete in Bubaqueons work, see D. G. M. W. 
Circular Ho. 7B of 9th May, 1893. 
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13. The cement:Used must bfe of a weUrlihbTvn. bMndi.aiid it must be 
passed through the finest sieve locally procurable before mixing it with the 
other irigredients. Care must be taken. that the cement be not too fresh ; 
in- this- case-ih' should be laid out on a floor for a few days under cover, in 
ord^r to rid of any heat, which would' cause it to blow o'r S\t6ll iti 
settiiig. If' 'exposed- thus in dry weather for Sdiiie time', up to thfee weeks; 
it ihcreases in, both -strength and bulk. 

TA. Cement concrete -will be mixed and laid as specified above, but the 
following additional precautions must be taken : — 

The ballast after, -ha-ving been well soaked should be allowed-, to dry 
externally and be mixed first with dry sand and cement. Water should 
not be. added until Just before it is intended to lay the concrete ; it should 
be. poured on, gently through the rose of a watering pot, care being taken 
that the mass is not allowed to become too fluid in consistency. It 
should be laid as soon as. mixed, and all ramming necessary must be done 
on_the same day it is laid. On the following, day it should be covered with 
water and kept so for 14 days. Tn places where this cannot be done wet 
sand is- to be used instead of water. 


Table of Dry Ingredients of Mortar, 

U'st^'dt'clifereh’t Statidns in the Meenit Circle — Mortar lO'O cubic feet. 




Division. 

Station. 

rr ' ’• - ' • ^ . • • 

Lime. 

Silrkhi. 

- 

Budjri 
or sand. 

Bemaris. ' 

Agra,, 

Agra, 

c. feet. 

65 

c, feet, 

... 

c. feet. 

82-5 

Exmhai' Jitas. 

Bareilly, 

Bareilly, 

' 62-5 

ft* 

62 -6 



Slialijaha-npur, 

125 




, 

Naini Tal, 

■62-5 


62 ‘5 

■Hi'OTC'X'U-l- 


Banikhet, 

60 

76 




Aliritlra, 

50 

75 

... 


, 

Lansdowne, ... 

•42 

42 

-42 


Chakrata, 

Chakrata, 

41-67 





Deh'r'a, ,,, 

60 


76 



-phandour, , ... i 

50 





lioorkee, 

60 

76 




Saharanpur,. ... 

60 

7C 


✓ 

Jkansi', ■ 

'Jhansi," 

Nowgpng, 

6i 





60 




Meerut, 

Meerut, 






Babuglii*h, 






.ppelbi, ... 

Muttra, 

*• re. - 
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Propor(iO^\s of Tiforlar and Pallait for Concrete. 



1. Description of Brickwork. — Fir^t clnss brickwork will consist 
of stodc-inade bricks of uniform colour nud shape, thoronghlj' well burned, 
and of a deep rod or copper colour. Eacli brick must be square and well 
shaped, must ring clearly when struck, and must be perfectly sound in 
all respects. 

2. Second class brickwork will consist of bricks wln’ch are thoroughly 
burned, sound, and well shajicd. They will be the same as first class 
bricks, with the exception that the colour need not be quite so high, or 
uniform throughout the structure. Tlie inner bricks may be of a lighter 
colour, but for all face work, bricks should be selected for uniformity of 
colour. 

3. Tlicrc will be no difference whatever between first and second class 
brickwork, cither in the mortar used, in the method of laying, or in the 
bond. 

4. First and second class brickwork will be built as indicated on the 
plans, as specified by the E.xecutive Engineer in his estimate, or as direct- 
ed by that officer on the works ; and at the rates agreed to in the con- 
tract bond. 

5. Bond, &C.— The bond to be used in all brickwork will be “Eiig- 
lisli,” see Plates X. and XI., and no lialf-bricks or brick-bats will be 
allowed to be used, except when necessary to complete the bond. 

G. In building arches, concentric rings are not to be used, but each 
course of the arch must be regularly and systematically bonded, see 
Plate XII. 

7. All bricks in each course of an arch must be regularly and care- 
fully summered to the radius of the arch ; and this, when practicable 
should be effected by moulding and burning the bricks specially for the 
work ; in cases where the amount of arch work to be done is small, the 
summering may be effected by cutting or grinding. 
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8. Mortar. — The mortar to be used will be ns specified on pages 4 
and 5. 

9. Laying. — Care must be taken that each course of bricks laid is 
quite level and perfect in bond, and that each brick is well bedded and 
flushed in sound mortar. 

10. 2^0 joints or beds are to exceed tlirec-cighths of an inch in thick- 
ness, and those in arches should not exceed one-quarter of an inch. 
The mortar used in arches must be ground ver}' fine, and made into what 
is known as “lime putty.” Tins operation will be performed in small 
hand or country flour mills. 

11. In the face of a wall, every five bricks must cover 3 feet 10^- 
inches in length, when the bricks measure 9" x 4^" x 2^" ; and no four 
courses, including three joints, shall gauge in height more than 1 inch in 
addition to the thickness of the bricks themselves. 

12. Walls are always to be carried up as level as possible along their 
entire length, and no step, left temporarily during construction, is ever to 
exceed eight courses in depth. 

IS. When brickwork in one section of a building cannot be carried up 
in level courses, the work must be raked back in regular steps (one course 
each) so that the new work to be added may be built on over tlie old. 

14. Care must be taken to ensure all iron or stone fixtures, perforated 
jamb bricks, &c., being built into the work ns it proceeds, in the position 
shown in the drawings, or as directed by the Executive Engineer. 

15. The space between a relieving arch and a flat arch or lintel should 
not be filled in until the building is completed, unless it is found to be 
absolutely necessarj" to do so. 

IG. Scaffolding. — ScaKolding must be double, i.c., it must have two 
sets of upright supporters. Care must be taken in leaving out a brick 
to allow the end of the scaffolding pole on the inner side to rest on the 
wall, that such brick is always a header, and that more than one header 
for each pole is never loft out. By this means the bond of the wall 
can easily be made complete and perfect as the scaffoldhig is being re- 
moved. 

17. Watering. — Care must be taken that walls, as they progress, are 
kept thoroughly well watered on their faces and tops ; and, when work is 
left off at night, a fillet of mortar about 11 inches high should be made 
round the edge of the last course laid, so as to form a trough, which 
should be filled with water before the worlcmen leave off work for the day., 

0 
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18. No brick is to be used unless it has been thoroughly soaked in 
water for at least two hours. 

19. Garden-shaped watering pots should be used for wetting brick- 
work, the upper half only of the rose being perforated. 

20. Where new and old brickwork are to be connected together, the 
old work must be well wetted and saturated with water for two days pre- 
viously to the new work being commenced. 

21. All new work when built must be kept watered and damp for at 
least five days. 

22. Brickwork in clay. — Walls will be bmlt of bricks laid in clay 
when ordered or specified. This work will be as specified for brickwork in 
mortar with the -following exceptions : — 

(a) . The cementing material will be well tempered clay instead of 

mortar. 

(b) . The top courses of unfinished work need not be kept covered 

with water. 

23. The mud mortar is to be made of stiff white or red clay accord- 
ing to locality, which is to be broken up into a fine powder and freed from 
stonesj grass, or other impurities. It is first mixed with water on a brick 
or wooden platform and well worked up with tlie feet to the consistency of 
clay for brick-making. It is then to be gradually thinned with water until 
it assumes the consistency of stiff mortar when it will be ready for use. 

24. Sun-dried Bricks in clay mortar.— Walls will be built of 
sun-dried bricks in clay mortar when ordered or specified. They will usu- 
ally consist of unburnt stock bricks laid as specified for burnt brickwork 
in clay. 


Stone Masonry. 

1. General. — The masonry to be used will be Ashlar work, Coursed 
rubble, Random squared coursed rubble. Random coursed rubble. Random 
uncoursed rubble, or Dry rubble as may be specified. 

2. The different kinds of masonry will be built in the positions indi- 
cated on the plans, and described by the Executive Engineer in his speci- 
fication as herein laid down, or, as may be ordered on the spot, at the 
rates agreed to in the contract bonds. 

3. The stone to be used will be that taken from the quarries mention- 
ed by the Executive Engineer in his specification, or as may be directed. 
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It will be hard, -.durable, and toughs and each stone must be laid when in 
the work, on its natural quarry bed ; all stones will be soaked, in water for 
at least four hours before being, put into the work. 

4. The mortar to be used will be as specified for brickwork. 

5. All masonry should be kept well watered in the same manner as is 
laid down for brickwork,, until seven days after its completion shall have 
elapsed. 

6. Scaffolding will be double, as described under that head, for brick- 
work, but the ends of poles need not in this instance be placed in the posi- 
tion, of a header stone. 

7. Ashlar work. — Generally speaking, i for all ashlar work, , the 
Executive Engineer will supply the Contractor with the exact dimensions 
of each stone, or with a plan of each course of masonry showing the 
necessary dimensions. 

8. Ashlar work will have its beds and joints finely dressed, free from 
any winding, and true and square in every respect. 

9. All- joints and beds wiU.be perfectly vertical and horizontal respec- 
tively ; they will never exceed ;^-inch in width or depth, and each stone 
will be well set and flushed up in mortar, as laid down under that head on 
pages 4 and 5. 

10. All joints and beds of ashlar work will be constructed, as laid 
down in para.. 9j. but the outer face or faces may be rock-faced, finely 
chisel-dressed, rock-faced with chisel margin, rock-faced with chisel 
margin and chamfered edge, sparrow picked with chisel margin^ or as 
may be described by the Executive Engineer, either in his specification, 
or on the ground. 

11. Ashlar work shall never be laid- in courses of less than 10 inches 
in height ; no stone should be of less volume than 1^ cubic feet, one-fifth 
of the face should be headers, and no stone should have a less width of 
bed than 1-^ times its height. 

12. When ashlar quoins or ring stones are provided, the arrises must 
be . dressed clean, sharp, ' true, and free from all winding ; in the former 
quite plumb and vertical, and in the latter lying exactly in. the line of the 
perimeter of the circle indicated- or directed. 

13. Goursed rubble. — Oom-sed rubble will be laid in courses vary- 
ing in height as may be most convenient and economical, according to 
the natoe of the stone procured from the quarry, as regards either the 
depth of the natural beds of the stone, or the manner in which it will 



( 32 ) 


rlc.'ivt', but 110 t'oiir.~o will i,'V<'r bi; b’.^s tlinii -l^, niclu'."!, or iiioro tlmii 9 
iiiolio? in tliiekiif,'?. 

1‘1, (’nur.'iod riib!)l'' niny imv<' it>* roiir-oH ridn'r of rf|nnl or of un- 
cfjunl bright ; but in tlu' liitt‘'r in-’fiinrt', tli“ (b < jii‘r cour.'^!','; nuist bo laid 
toward-' til*' lH)ttoiii of tin- ^tr^U’tlln•, ami may ji:raduallv get jsballnwer 
witliin (im limit given above, n>< the wall grtign --:-'--; in height. 

ITi. All Imildinge constmet'-d with ('onr.-^ed nibbli* mn-omy .«lionld l^c 


i^tipjilii'd with a.'^hlar finoins of the height of one or two conr.-e.', and caro 
idionld be taken, when »Hjnal I’onrH'-.; are ,-;jieeilieil, that the height of the wall 
if* divided into an exnet number of conr-e,-*, ami an exaet numlHTof cjnoin?. 
Id. I'bjiially or nmqtmily <-onr,''e<l rnidib* ma-^onry will be built a? laid 


down in the ICxeoutive I'lngiiiei-r’s !*ji»eilieation, or as mav be otherwise 


directed, at the rates agre-d to in the contract bomb 


17. All beils and joints must be perfectly true, l)nth horir.ontnlly and 
vertically thronghont. 'Jiiey must never be more tliati half an inch in 
width or dejtlh, respectively : the lim' of each course must be j)prfccfly level 
and free from winding ; and no joint must overlie another less than d-Jj 
inches, measured on the face of thv wall. 


Is^o stone .should be usetl which is less than linlf a cubic foot in 


fiize, its bod must never be less than 1), times its height. 

19. One-fifth of the face of the wall should 1)0 lieader.s, and in walls 


tip to 51 foot thick, idl headers should he through-.stones. All other 
sloitc.s shall he in half bond, or siiouhl overlap each other never less than 
one-third of tlic width of tlio wall. 


20. Every stone must he carefully and truly laid, and will he flushed 
tip in mortar as laid down under that head on pages -1 and ft. 

21. Random square coxtrsed rubble. — This description of nia- 
Boury will be cour.sed every 18 inches in height, and will have quoin.? of 
equal or unequal height, hut every two quoins must equal the height of n 
eiuglc course. See Plate XIV. 

22. Each course will be made up of unequally si/.cd stones, dressed 
perfectly square and true to whatever size is possible from its dimension, 
as it comes from the quarry. 

2:3. Two stones may have their joints iramedintely over another, but 
the third stone should always overlap at least 3h inches. One-fifth of the 
face of tlio wall should consist of through headers. All other stones 
should be in half bond, or should overlap each other at least one-third the 
iiridth of the wall, 
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21. All joints and bod? must be perfectly vcrtirnl niul horizontal res- 
pectively. and must never exceed half an inch in vridth or thickness 
thronghont. 

25. jSTo stone ninst be laid v.-hosc bed is not at least 11. times its 
height, and the nork may bo ronghly punched, each stone being ■well 
flushed in mortar ns specified on pages 4 and 5. 

2G. Random coursed rubble.— For this description of masonry 
see Plate XIV. Each stone nill l)e punched in to the number of sides 
to which it can bo most conveniently dressed, and will iic then so fitted 
into the wall, that the joints shall never exceed half an inch throughout. 
The vertical joints of eaeii course must break joint at least 8 inches with 
those of tlic cour.se.s above and below it, and no face stone is on any ac- 
count to be narrower or shorter than its lieight. If it !)C of irregular 
sliape its length at right angles to the face of the wall must be at least 
1{,' times its height. 

27. Ifandom coursed rubble ina.sonry .should be su))plicd with equal 
or unequal quoins, and should be cour.sed every 18 inches, one-fifth of 
the face .should be through headers, and no stone .should be less in depth 
than H- limc.s its lieiglit, every .stone being well flnshed in inorlnr ns 
described for masonry under other heads. 

28. All .stones which are not hc.adcrs shall half bond or overlap with 
one another, at least one-third the width of the wall, and the quoins may 
be either of equal or of unequal height ; but there must always be two 
quoins to every 18 inches of wall in height. 

29. Random unconrsed rubble. — The stones will be laid at 
random without being brought uj) to any level courses, each stone will be 
laid on its quarry bed, will be bedded in an ajuplc supply of mortar, and 
will be wedged or pinned strongly into its position in the wall by spalls 
or chippings, which may show on the face. 

30. No fi.xcd rule can be laid down for sizes of joints, but they must 
be kept ns small ns possible. This work is subject to the same rules 
for through or bond stones, as specified above for other classes of rubble 
masonrj'. 

31. Eiver boulders and large pebbles may be used for this sort of 
work, either laid in their natural forms, or split, and their fractured sur- 
faces shown on the face of the work. 

32. When walls are built of this material, bands of brickwork, or 
masonry of a more regular description, should at fixed vertical intervals. 
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run through the ^hole thickness of the wall, to assist:. in tying.it ah 
together. 

33. Masonry in clay--— -When any of_ the above kinds of stone ma- 
sonry is specified to be laid in clay it will be carried out as specified for 
mortar except that — 

(a) . The cementing material will be well tempered clay instead of 

mortar. 

(b) . The stone used need not to be soaked previous to use. 

(c) . The top course of unfinished work need not be covered with 

mortar. 

34. The clay will be prepared as specified under Brickwork, para. 23. 

35. Dry rubble — All the above kinds of masonry can be carried 
out dry, that is, without the use of mortar. This sort of worki is in very 
general use for breast and retaining walls in hill roads. 

36. In these cases the front batter should never be less than but 
where base room can be obtained, it may advantageously be made 
The back slope should be about The coursing will always' be normal 
to the face of the wall, and there will always be a projection or broad 
footing at the base. The top of the wall must not be less than 2 feet 
thick. In surcharged walls this thickness must be increased to 3 feet. 

37. Through bond, from front to back, consisting of a single stone 

or of several stones put together, must be 
given in every course at every 5 feet along 
the face of the wall. Where bond stones 
of length equal to the thickness of the 
wall are procurable, they are always to be 
used. 

38. In thicknesses beyond this limit 
the through bond will be given as shown 
in marginal, sketch. Care must be taken 
that the spanners bear normally on the 
other stones, so that with the superincum- 
bent weight, they may act truly as binders. 

39, The limit of height for such; walls will depend on the quality of 
the stone, and on the space available at the base. Unless the stone 
be very good, and other circumstances be favourable, they should not 
exceed 12 feet in height, after which mortar should be used. 
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2. Lime putty, or “tine stuff," v/i)l be uce'i for polo ting, rod /ory b'^ 
coloured, or used pure and of its or/gioa) coioiir, na mmj be flircdH \i'j 
the Exetrutire Engineer. 


S. Ibe lime pntty or “bne stuff" v.vJI eonriet of ae po/o a j boo re 
possTrle, slaked -vritb a smali quantity of y.'aV;r, refbei'/Ot being iV;/'- 
KEris added to bring it to the eonsisteney of oreno; ; it voo tbon 
tosekdeins tub. Lie ennaoe -rater -•rill then be obrioob ob, i ob '^bo 
remamder sE—ed to e--'aporate, until ti^e putty is enovgn fb/ 'oo, 
ITken 2 kydranlie lime bat tmaroidably to be viob, it /ooet V;g'or'-b' qvbo 
£ne. and do tke oor-iittent-r of or-eerm in ordi'-a'S' oovr't''r ba''0 f-ovo r' 
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ncnr the son const nr in very dnuip clinintes. It will be carried out in the 
same ninimer ns lime pointing, except tlint instead of lime mortar pure 
Portland cement will be used ; grcnler attention will be paid to tliorougli- 
ly wetting the wall before the pointing is applied, and the wall must be 
kept wet for at least seven du3'3 after the pointing has been completed. 


Plaster. 

1. Rough casting. — Plaster will be composed of the ingredients laid 
down for each Division ; as fat a lime ns possible will be used, on account 
of the readiness with which it slakes into a fine powder. 

2. Plaster will be laid in one, two, or three coats, as may be found 
necessary. 

8. Brickwork will never have more than one coat of plaster, but 
masonry may have three, and no single coat shall ever exceed half an inch 
in thickness. 

4. Previous to the application of the plaster, the joints of the brick- 
work or masonry must have been raked out to a depth of at least half an 
inch, and this is best done as the work progresses in construction, and 
while the mortar is still green. 

5. After the joints shall liave been raked out, the wall must be 
cleaned down and kept thoroughly damp for two days before the plaster- 
ing is commenced. 

6. The plaster may then be applied ; and, before each coat sets, it 
must be well beaten with long thin laths, (to consolidate and compress 
the mortar,) until such beating makes no impression on the surface. 

7. When two or three coats are ordered, the first must be allowed to 
completely set before the second is laid, and the surface should be left 
rough, and freely scored all over with the edge of a trowel, to prepare it 
for the next coat. 

8. If it be thought desirable, the plaster may, dm-ing the process of 
beating, be well sprinkled with a mixture of 3^- seers of gur (coarse sugar) 
dissolved in half a commissariat beer cask of water, to which may be 
added 2 seers of bael fruit ; this will quicken the setting of the mortar 
and improve the quality of the plaster. 

9. Floating. — After the “ rough cast ” has been applied as above in 
the number of coats directed or specified, and has become quite firm, the 
next operation will be “ floating,” which will be done with a long straight, 
edge called a float. 
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10. A sufficient quantity of fine plaster should be thrown on the wall, 
so as to allow of its being brought to a completely smooth surface, by 
drawing over it the plasterer’s float backwards and forwards. 

11. Rendering or setting coat. — As soon as the surface is per- 
fectly true and level, and quite dry and set, it will be “ rendered ” quite 
smooth by having lime putty spread over it with the face of a large trowel, 
with which it must be rubbed in until it becomes perfectly smooth and 
even. 

12. In order to guard against the setting coat showing numberless 
fine cracks all over its surface, as frequently happens from the unequal 
shrinking of the different coats, it should not be applied till the previous 
coat is quite dry, otherwise, being very thin, it will harden from exposure 
to the air before that previously laid has done shrinking, the result being 
that, if there is a proper adherence between the two coats, the setting coat 
will be disfigured bj'' numberless fine cracks ; whilst, where the coats have 
not adhered well together, hollows will be found, and the setting coat will 
be liable to come off at those spots. 

13. Mud Plaster — Mud plaster will be composed of stiff clay and 
chopped straw in the plains, and of stiff clay and pine spines in the hills 
ill equal proportions in bulk. The clay after being excavated is to be 
spread out to be scorched by the sun. It is then to be reduced to powder 
and stacked in heaps of 100 cubic feet or as required. 

14. The straw will then be thrown over the clay and mixed with 
phowrahs in a dry state till thoroughly incorporated. Water is then to 
be added, and the whole left for two days to soak. It will then be mixed 
with the feet and phowrahs, water being added as required till it assumes 
the consistency of stiff mortar. 

15. It will then be spread evenly over walls or roof with the hand or 
trowel to the thickness of 1 inch on roofs and ^ to | inch on walls, and 
be floated to an even surface with a straight-edge about 3 feet long. The 
plaster will then be allowed to dry, and the cracks that open out during 
the process of drying will be filled in with liquid cow-dung. 

16. Leeping — The surface will then be leeped over with a mixture 
of cow-dung and clay. This will be done by hand on roofs, and by trowel 
and fioat on walls. Care will be taken to preserve all lines, mouldings, 
&c., that existed previously. 

17. The cow-dung is prepared by first steeping it in water -to free 
it. from grass, straw and other impurities, then one cubic foot of finely 

V 
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po^vdcred clay is added to one cubic foot of cow-dnngj and both ingre- 
dients arc mixed in a tub and thoroughly worked up together. 

18. Before giving a new coat of plaster to any roof, the orders of 
the Sub-Divisional officer shall be taken as to whether he wishes more 
removed from the roof than the old coat of plaster. This will usually be 
the case if the roof covering bo thicker than 6 inches on main roofs, and 
A inches on verandahs and minor buildings. 


Wliitewasli. 

1. Preparation of walls — The walls will be thoroughly cleaned 
down and freed from all foreign matter before the whitewash is applied'. 

2. In special cases when it is considered necessary to remove the old 
whitewash, or to scrape the walls, this work must be separately specified. 

8. Wash. — Tlie wash will be prepared from shell lime when available, 
otherwise from fresh stone lime slaked on the spot. 

4. The slaked lime will be placed in tubs nearly full of water, and will 
then be mixed with the hand, and stirred up with a pole until it attains 
about the consistency of thin cream. 

5. When sufficiently mi.xed, the wash will be taken out in small quan- 
tities and strained through a coarse cloth into ghtrralis (earthen pots). 

6. Gum in the proportion of 2 chittacks to one cubic foot of lime wilhbe- 
added to the strained whitewash, and the whole will then be boiled' together. 

7. Whitewash will be laid on in three coats with a brush ; the coats; 
being laid on vertically and horizontally alternately. 

8. This specification will apply to all colour-washing, the only diSer- 
ence being, that the colour specified or directed will be obtained by adding- 
the necessary colouring matter to the wliitewash. 

In re-colour-washing walls, a coat of whitewash will first be applied- 
over the old- colour-wash to kill the former colour ; when dry the new coat 
of: colour-wash will be added. Care must be taken that the workmen keep 
the mixture constantly stirred while putting it on, otherwise the colouring- 
matter will settle, and the work be uneven and streaky. 


Floors, 

1. Floors in lower stories— Preparation of surface — The 

plintli-filling- shall' first -be well watered' and rammed-' until it- is completely- 
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'con'sblidated, and will hot .yield from a heavy blow with an iron road-metal 
rammer. 

2. When the above operation is completed, a sufficient quantity of the 
filling will be removed, so ns to make room for the flooring to be placed 
at exactly the height and position indicated on the plans. 

3. For inner floors the excavations will be perfectly level, but in all 
verandahs it will be so executed as to ensure an outward slope of 1 in 40 
to the flooring when completed. 

4. The floorings will be of equal thickness throughout, and of the best 
materials locally' procurable, as may be specified or ordered. 

5. Brick flat flooring. — This will consist of 1st class pressed bricks 
carefully selectedj unless otherwise specified, laid on 3 inches of concrete. 

6. As soon as the plinth-filling is cleared out as above described, a 
concrete bed of 3 inches in thickness will be laid ns specified under the 
head of “ Concrete.” 

7. The concrete will be laid perfectly level for all inside rooms, and 
with an outward slope of 1 in 40 for verandahs, and the concrete in the 
latter shall lie 2 inches lower at the door frames than the level of the 
concrete in the adjacent inside rooms, the outward slope commencing 
from that point. 

8. The concrete will be well rammed and consolidated as laid down 
in the specification under that head, until it shall have been reduced to 
2^ inches in thickness. Care must be taken that it is kept perfectly level 
where it is so indicated on the plans, and that the proper slopes, where 
such are indicated, are uniformly and evenly carried out ; and the concrete 
will be kept wet until set. 

9. The bricks will be laid on this concrete being bedded thereon in 
lime mortar. The joints between the bricks are not to exceed 

in thickness, the sides of the bricks being rubbed if necessary to give 
this joint. Care must be taken that the sides are worked square with 
the face of the brick and not tapering downwards to give a false fine joint 
on top, 

10. When laid the surface of the floor must be perfectly even and free 
from any inequalities, to ensure which, it is to be wetted and rubbed over, 
with a hard heavy stone with a slightly roughened bottom. 

11. For all brick flooring, the bricks are to be soaked in water for 24 
hours before being used, and adjacent courses are to break joint. 

12. Brick-on-edge flooring — Tins will be constructed as specified 
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for brick flnt flooring. The Iiricks will be 0" x 4^ x 2 ^" or 12" x G" x 3" 
ns may be onlorc.l. They will be Iniil on edge. 

13. Tiled brick flooring — This will consist of 1st clnss mncliino 
pressed tiles made of tile clay D" x 0" x 2". They will be laid ns specifi- 
ed for brick fiat flooring. 

14. Terraced flooring.— The preparation of the jdintli will be done 
ns specified for brick fiat flooring. The terrnced flooring will, unless 
otherwise spccifioil, be G inche.s thick nnd be laid ns follows : — 

15. The concrete will be conij)o.'ed of broken stone or broken Icunjah 
(overburned) brick, the largest pieces of which will be capable of passing, 
whichever w.ay they are turned, tlirongh n ring one inch in diameter. 
This ballast will be steej>cd in water for four hours before being mixed 
with tin; morljir ; tiic mortar or ballast will bo mixed in the proportions 
specified for concrete. 

16. Tlio mortar will bo composed ns specified under that hcr.d. 

17. The mortar and ballast will be thoroughly incorporated on plat- 
forms specially made for the purpose as specified under tlie head of “ Con- 
crete.” 

18. When tlic concrete is tlioroughly mixed, it will be laid in a thick- 
ness of G inches deep. Care should be taken that the concrete is not in 
too fluid a state. When laid it will be beaten witli small round rammers 
6 inches in diameter until it shall liavc been reduced to 5 inches in thick- 
ness, nnd until the mortar shall liavc partially set. While this operation 
is under progress, the surface should be frequently tested and kept per- 
fectly true nnd even. 

19. While the beating is going on, the surface of the concrete will 
be liberally sjwinklcd with water, in which (jilr (coarse sugar) and bael 
fruit (wood-apple) are dissolved in the following proportions, viz., 3^ 
seers ffur nnd 2 seers of bael fruit to half a commissariat beer cask 
of water. 

20. As soon ns the beating shall have been completed as described, 
the surface will be softened by being sprinkled with pure water, and the 
mortar which has been brought to the surface by the beating, will then 
be smoothed, and rendered with the face of a trowel. 

21. The surface should be worked to a very fine polish, and to assist this, 
fine lime putty may bo used sparingly (the less the better) ; and as the pro- 
cess advances, the surface should be liberally sprinkled with water in which 
bael fruit and ftir are dissolved in the proportions mentioned in para 19. 
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22. IN'o plaster is to be laid over the concrete on any neeoinit, afi tlilfi, 
though a common practice, is often tlie source of /ffeat evil allci'Witnlfi, 
The fine polished surface, Avhich it is advisable to giv(! to tlie eoiKa'eld, In 
order to prevent the floor breaking up speedily, will be given an already 
described, by rendering the mortar brought to the snri'/iee perlVvdJy nnna/lli 
with the face of a trowel, and by means of lime putty apar!n/dy tired, 

23. As soon as the upper surface of the fkwr shall have Is'e/i render/i/l 


thoroughly smooth, 
smooth surface of a 


and a flue pjolish given i/i it by the free, nsa of the 
trowel it will he covered with 2 i/iches of llnu niilid 


or earth, which wiii he ke: 

2A Flagged Scerin; 
procurable, such as Agra s 
and concrete- as rceoin-d : 


damp for 2J days. 

— T'rJr: will ^//osisf, of the he;;t l:l/nif. Iniinlly 
:.e, as may U specified, laid on rammed earth 


2.5. 





shaii hare eom/zlef/dy set, the layin// of 
T.ee hag'; may be o; marp/al s/'sea, hill, 


mnsr ce . 





a ,e .oe/,^;’- Of tf# g'h oO'/ii 
gV. 'e,a,e 2 h/,?, d i/^ebe;', '/he/ 
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-32. In the case of T-iron joists being -used, they will receive three 
coats of Olphert’s paint before the flagging is laid, 

33. Lower course of flagging.— When wooden joists are used, 
all the flags will be so dressed that the shorter joints of the lower courses 
of flagging shall lie on the centre of every second joist, and so that there 
will be a joist under the centre of each flag, and the flags shall be so laid 
as to break joint. 

34. ■ The flagging will be laid in courses parallel to the shorter side 
of the room. 

35. When T-iron joists are used (the flanges being always down- 
wards) the lower course may be either of flagging or bricks, (the latter 
generally,) laid on the flanges of the T -iron, and completely filling up 
the intervals between the joists. 

36. Upper courses of flagging — When wooden joists are used, 
the upper layer of flagging will be laid in courses parallel to the shorter 
wall of the room, each course being of uniform width, and so as to exactly 
break joint in the centre of each flag with the lower course longitudinally, 
and with each flag in the lo.wer course transversely. 

37. In the case of T-iron joists, the lower course having been laid 
as specified, the upper flagging may be laid as specified for single flagging. 

38. Common to both courses. — The position, size, &c., for double 
flagging of upper-storied buildings having now been described, the laying, 
description, thickness, and fitting of the flags, where not effected by the 
above specification, will be as laid down for single flagging, the lower 
course being laid dry, and the upper well flushed in mortar as specified 
for brickwork. 

39. General — All the above kinds of floor, except terraced, should 
be pointed with Portland cement. Flagged flooring is much to be pre- 
ferred, but -where very expensive, brick flooring may be substituted. The 
use of terraced flooring is not recommended, except when the better kinds 
cannot be adopted. 

40. Patent Stone — This will consist of Indian Patent Stone made 
with ballast obtained from that Company at Calcutta, or from ballast 
locally manufactured, as may be specified. 

41. It will be laid as specified below on rammed earth and concrete, as 
specified for brick flat flooring. 

42. The floor space to be laid with the stone should be first well 

l/'ote, — For Wooden floors, Ke Woodwork 
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cratered and rammed, and then laid dver is'M, If'nn ilinit 4 i>| 

pnclra concrete, beaten down and ConKO)idrtb''d, t!)) a 
with a somewhat rongh tatber than Hnnv)th Mn-irtee irt io biy 0)’? 

stone npon. Any slope or fall or clmnn el or othe)' fortn r<i''jnli.;.) j,)) 
surface of the stone, should he prepared In the ))ed on whleli the (■(■)))-; h' 
to be laid. To lay the stone, battena of eonvenlent )e))!>tl) e))«l whithi «>>'!! 
of the depth or thickness to which the ?!(one In to he h>h)j nnu/t \}<] letd -yn 
the bed not more than 6 feet apart wltl) no e))aee between thte hipt- 'O' 
and the bed, and with tlie dcptli and tlilehneee of t))e hettenc ve'^'ee) <•) 
the bed, i.e., at right angles b) the bed of the Jloo)'; levhi;) tin; 

battens on the bed, the slag and Jk)rt)and eeinent eltonld he th.>toii;.hlv 
mixed in the proportion of three ))arte of the ineptooij tden to o'>e peit 
of Portland cement. To this mixture of -ilag at)d ee»Of'ii< ed.l .ddim \u't,.t, 
free from all grease and clayey matter of any vor*, In j'litiiiOeut 
only to form the slag and eemeni inU) a j)hb<ie uiat-e o' (he ooueteb'oee 
of builder’s mortar. Tlie bed ehonlfl he (hofouxhl.v neltijd "'iiJi natei, 
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brought to an approximate level by stone in mud, well rammed. A layer 
of mortar is next laid, and the stone hammered down with a wooden 
mallet to its correct level. The joints are filled witli mortar in the usual 
way, and the stones well set one against the other. Flush pointing 
finishes off the work. The surfaces to be kept damp for at least 10 days 
after completion. 

47. Asphalte flooring — Will consist of asphalte, with coarse clean 
sand or stone grit mixed together in a caldron, and coal tar in the follow- 
ing proportions : — 

600 lbs. asphalte, (Harrison's). 

4 cubic feet of sand or grit. 

71j lbs. coal tar. 

48. The sand or grit must be free from dust, and must be washed 
and screened through two screens. It should pass through a sieve of G 
meshes, but not through one of 18 meslies to the inch. 

49. The proper proportion of coal tar is to be put in a caldron and 
heated over a wood fire ; the asphalte broken up fine is tlien to be gradu- 
ally added, the mass being kept well stirred. 

50. When the asphalte and coal tar arc tlioronghl}’ mixed and molted 
to a liquid state, the sand or grit after being freed from moisture is to 
be gradually added, the whole being stirred till the preparation is ready 
for use. 


51. Strict supervision is required in mixing, to prevent too large a 
proportion of tlie coal tar being added. Worlcmen are tempted to do tliis 
as the asphalte when so mixed is laid with greater case, tlian when tlic 
proper proportions are used. 

52. When the preparation is read}- for use, the boiling mixture is to 
be taken from the caldron with an iron ladle and laid on in rL-etanglcs 
8' X 2' between wooden gauges, and .spread evenly nitli a hot trowel to 
the requisite thickness. After one piece is .spread the surface is to be 
sprinkled with clean sand, and rubbed smooth with a hard wood rubber. 
The gauires are then to be removed and the process continued. 

53. Before a fresh ])iece of nsjdudte is s{)read, the ed-'* of the spre.ad 


asphalte is to be melted by passing 
connection between the two pieces 


a red Iiot iron over it, to make the 
perfect. SJiould there be a de-fcct in 


any joint, li 
and it neces 


vc charcoal should bo placed on the part to .-oit'-n the n-jdia.te, 
:sarv fresh asphalt*’ jiddeJ, and the part rubbed iuiow'tli vdtli r. 


hot trowel or hard wood rubber. 
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' 54. Clay flooring. — This will be laid in layers of 6 inches to the 
requisite depth, and will consist of stiff clay broken up into powder and 
well rammed with water. The surface will be finished with a coat of mud 
plaster, and leeped with cow-dung as specified for mud roofing. 


Woodwork. 

1. Framing — ^Woodwork will be of teak, sM, deodar, chir, or other 
sound wood locally procurable as specified. 

2. All wood used must be thoroughly seasoned, completely free from 
sapwood, large knots, shakes, and other defects. 

8. The framing or timbers will be dressed and planed to the full 
dimensions shown on the dravrings, or as directed by the Executive 
Engineer. 

4. Joints, &c. — Great care must be taken that all mortise and tenon 
joints, scarfs, 4'C., fit fully and truly. In order to guard against careless 
workmanship or failures from decay, joints are to be designed, as far as 
possible, so that the bearing surfaces or working parts are thrown to the 
outside and exposed to view. Simple joints, being much more likely 
to be truly and securely made, are always to be used in preference to 
more elaborate ones. Joints will always be coated with white lead before 
the frames are finally put together. 

5. In constructing trusses a drawing of the truss, full size, is first 
to be made on a level platform, from which templates of all tenons, 
mortises and scarfs, &c,, are to be made as a guide to ensure all the 
trusses being of the same size. 

6. Timber buried in the ground should be charred and tarred. Wood- 
work exposed to the weather should be tarred, varnished, niled, or 
painted, if the wood is seasoned, otherwise it should be allowed to remain 
until seasoned, as coating it wiU do more harm than good by confining 
the natural juices of the wood, and will only hasten the decay of 
unseasoned timber. 

7. No woodwork is to be placed in position in a building or painted 
until approved and passed by the Executive Engineer or the person 
whom he may depute to do this duty., 

8. The ends of all beams, &c., which are to be bedded in walls, and 

the sides of timbers which are to abut against walls, shall receive three 
coats of coal tar laid on hot. — 

j> 
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9. ' Where the end of a beam, or any woodwork, is buried in masonry 
or brick work, an air space of |-inch should be left all round. 

10. Floors. — Wooden floors in upper storied buildings will .be laid 
on wooden flooring joists, supported on wooden beams or iron girders, as 
shown in the drawings. 

11. The upper surface of the joists must receive three coats of coal 
tar laid on hot, to prepare them foi‘ the boarding. 

12. The boards, after having been dressed and planed perfectly square, 
true, and smooth, with parallel sides and ends, will be placed side by side, 
and their edges jointed by one or other of the following joints ; the one 
to be used being specified in each case — viz., shot (a), rehated (S), grooved 
and tongued (c), grooved and filleted (d), related and filleted {e). 


a h c d e 


13. Their ends will always rest on a joist and may be shot. The ends 
of no two boards next each other are to come together. 

14. They will be cramped into position by means of a carpenter’s 
cramp, which is always to be used. The cramp will not be removed until 
the nails have been fixed. 

15. The length of each board is not usually to exceed 8 feet, or its 
breadth 6 inches ; nor must its thickness be less than inches. 

16. All boards will be fastened to joists and beams with nails or spikes 
of a length 2^ times that of the thickness of the board. The nails will 
interspace one another, each being spaced at one foot intervals. 

17. The rebates and fillets must be well coated with marine glue before 
the boards are laid, and care should be taken that the fillets fully fill the 
rebates cut for them. The edges of the boards should also be painted 
with marine glue.* 

• 18. General to all floors — After the floors have been laid, they 
must be carefully planed over, and made perfectly true, level, and smooth. 

19. All special floors, such as double-boarded, or double-boarded with 
felt between, &c., must be specially specified. 

20. Ceilings. — Wooden ceilings will be constructed with boards half 
an inch thick, of teak, deal, deodar, huldu, or any other wood as specified, 
the ceiling being fixed as shown in the plans. 

21. The boards will be shot, rebated, or grooved and tongued, as shown 

• Marlm Dissolve by heat one part ol pure Indian rubber in naphtha ; when melted odd 
two parts shellao ; melt until mixed. 
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above, as may be specified. They will be planed and dressed quite smooth, 
and free from, all inequalities. 

22. When the ceiling has been secured in position, it will receive three 
coats of good varnish, or it may be painted. 

23. Cloth ceihngs may be provided when considered desirable. They 
will consist of good strong double warp cloth like that supplied by the 
Elgin Mills Company at Cawnpore, the breadths of which will be well 
and strongly sewn together. 

24. The cloth wiU be tightly, fii’mly, and smoothly stretched, when 
damp, on frames of convenient size, which will be secured to ceiling joists 
or the roof timbers, as shown in the drawings, or as directed or specified 
by the Executive Engineer. 

25. These frames will be prepared on the floor and placed in posi- 
tion when ready. 

26. When the cloth shall have been fixed as above specified, it shall 
receive three coats of whitewash prepared from whiting ; Hme should not 
be used. 

27. General. — The contract rates will include all lifting and fixing 
in position of timber, with the cost of all necessary scaffolding, ladders, 
tackle, nails, spikes, &c., that may be required for the proper execution 
of the work, also the cost of the fitting of all ironwork. 

28. All carpenters’ work in position will be paid for by net measure- 
ments, no allowance being made for wastage, nor for dimensions supplied 
beyond those ordered. 


Doors and Windows. 

1. Panelled and glazed doors — The frames or chaukhats of these 
will be of teak, sal, deodar, chir, or other kinds of wood, whichever may 
be most suitable or economical, as specified ; they will be secured to the 
walls as shown in Plate XIII. 

2. The stiles, rails, and panels of all doors and windows will be of 
teak, deodar, or chir, as directed or specified ; they wiU be of the full 
dimensions shown on the drawings, and will be accurately and truly fitted 
in all their joints, which are to be put together with marine glue, see foot- 
note page 26. 

3. Battened doors, — These will be made in two leaves of sound teak, 
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deodar, oHir, br other wooden planks, 1 to 1^ inches thidc as specified, 
nailed or screwed together longitudinally and transversely! 

4. Windows-r-Gllazed windows will be made of teak, deodar, chir, or 
other wood as specified. The sashes are to be made to fit the sizes of 
panes obtainable in the market, usually 8 x 10 or 10 X 12 inches. Par- 
ticular care must be taken with the connections of the sash bars to ensure 
that they are accurately fitted. 

5. Windows will be hung either to swing on central pivots as with 
clerestory and fan lights, or will be hung on two leaves with two hinges to 
each leaf. 

6. Hinges. — Doors and windows wiU be hung with one of the de- 
scriptions of hinges shown on Plate LYI., the particular hinge to be used 
being specified. 

7. Butts are to be countersunk, and the stile of the door must be 
beaded} so as to hide their ends when shut, as shown in Ftg. 1. Their 
length in inches should be specified. 

8. When doors are in several leaves which have to be folded back 
against each other, back flap hinges are to be used. 

9. When the stuff is too thin to admit of butts being screwed on to 
the edge of the stiles, or when it may be desirable to strengthen the 
points of connection between the rails and the hanging stile, as in the 
case of the door shown on Plate LIV., H, HL, or cross garnet hinges 
may be used, 

10. For gates and heavy outside doors, as to gun sheds, hook-and-eye 
hinges are to be used, the hook being screwed right thi’ough the frame, 
and secured with nuts. 

11. Locks. — Iron rim looks will be used for all ordinary barrack 
purposes where locks are required, but in barrack rooms a hasp and 
staple carrying a padlock is generally sufficient. For magazines, locks will 
be of copper. Their length must be specified in inches, as also whether 
right or left hand locks be required. 

12. If for special purposes a better class of look be required, it must be 
specially specified. 

13. Furniture. — -The furniture, such as handles, must be strong and 
well secured ; stout ring handles are to be preferred to knob handles, 
■which latter must be cast or filled in solid to prevent their being in- 
dented. 

14. The keys should hare solid bows, or if they be ritig keys, with an 
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open bow, it must be filled in with brass before issue. The bow should be 
engraved or stamped with M. W. on one side and with the number of 
building or room on the other. 

15. Each door or window will be furnished with one or more best 
barrel bolts per flap, as shown in Plate LV. Their length must be 
specified in inches, and the upper bolt must be of siich a length as to 
be within easy reach of a man standing on the floor. The crams must 
always be fixed with two screws on each side. When a better class of 
bolt is required, it must be specially specified. 

16. For out-ojBfices, and where otherwise specified, the Norfolk thumb 
latch, large, middling, or small, will be used. 

17. In loose boxes of stables, horse infirmaries, and localities in which 
projections are inadmissible, flush latches will be used. 

18. Glazing. — The rebate for glass on the outside of a sash bar 
shall never be less than three-quarters of an inch in depth, and |-inch in 
width ; standard sizes of panes will be used, and the distance between the 
rebates must always be very slightly in excess of the glass ; the latter is 
nowhere to touch the woodwork of the frame, otherwise any jar to the 
frame would be liable to crack it. 

19. The whole sash bar, but especially the rebate which is to receive 
the putty, will first be well primed, to prevent the wood drawing the 
oil out of the putty. The glass will then be firmly bedded on putty, or 
“ front puttied.” 

20. The glass will be secured in the rebates by ‘ back putty ’ sloping 
from the inner to outer edge of rebate. The back putty must be kept 
a little within the inner edge of the rebate, so that none of it may show 
through the glass from the inside. Both front and back putty is at once 
to-be covered with a coat of paint, to prevent it shrinking as the oil 
dries out of it. Each pane will be further secured in position by four 
iron brads, one in the centre of each side. These are always to be com- 
pletely hidden by the back putty. Panes of glass should weigh not less 
than 21 ounces per square foot. 

21. The glazing of vertical frames must be upright. 

22. Putty. — Putty will be made of perfectly dry whiting well kneaded 
up with raw linseed oil. It shoifld be well rubbed and beaten before 
being used. In mixing the putty, a little white lead may be added to 
strengthen its adhesive powers, and to give it greater hardness ; or the 
receipt on page 54 may be used. 
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Ironwork, 

1. All wrought-iron articles are to be manufactured from iron equal 
in quality to best Staffordshire, or of mild steel, and to be approved by the 
Executive Engineer before being fixed. They are to be forged clean from 
the anvil, and neatly, soundly, and perfectly finished. For any special 
work a special specification must always be given. 

2. All edges must be filed square when directed, and all bolt and 
rivet holes may usually be punched, but they must be drilled out if 
required. 

3. All bolts and nuts will be neatly and fairly worked to the full di- 
mensions of the gauges in use in the Executive Engineer’s workshops. 
The gauges must be those of some recognized authority ; those supphed 
by the Canal Workshops, Roorkee, are recommended.- The screws of 
bolts should not project more than one thread beyond the nut when the 
latter has been screwed up. 

4. For cutting and tapping bolts and nuts, Whitworth’s taps and dies 
will always be used ; and the thread will be full, true, and deep, without 
taper, and accurately fitted. 

5. Iron tie-rods, when they run through a shoe and are screwed up at 
the back, will be thickened by the depth of the thread to be cut on them, 
and this thickening will be gradually worked off. 

6. All rivets must fit fully and truly ; the holes made for them must 
be of the sizes, and in the positions, shown on the drawings ; and if the 
rivets shake at all from the blow of a hammer, they must be cut out and 
replaced. 

7. All castings must be clean and sound, and entirely free from air 
holes. 

8. Every Executive Engineer will establish one or more workshops, 
where all the ironwork required for his Division will be made up. The 
practice of allowing contractors to make up ironwork in the bazars, and 
passing it from them to the works, is prohibited. 

9. All ironwork will be paid for, and agreed for, by the cwt,, and not 

by the maund. 

See also under Painting, 

Note.— A more detailed specification for iron-work ordered from local firms will 
be found in Appendix C. of Military Department letter No. leSlF of 26tli June, 
1898, reprinted on pages 67-66, 
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Painting, 


1. Woodwork, new work* — Woodwork is always to be painted 
unless otherwise specially specified. If wood be not properly seasoned 
and free from moisture, the coating of paint or varnish, by confining the 
moisture to its pores, will lead to its decay from dry rot. All woodwork 
to be painted should therefore he well seasoned and dry, and the painting 
should always be carried out at the driest season of the year. 

2. The paint used will be the best silicate paint, unless otherwise 
specified, and it may be mixed somewhat in the following proportions, 
the quantity of oil varying according to the dryness of the paint : — 


Ingredients. 
Silicate paint, 
Boiled linseed oil. 
Driers, 
Turpentine, 


Priming. 


See para. 6, 


1st Coat. 

7 lbs 

8J pints, 

1 lb 

1§ pints, 


2nd OoAt. 
7 lbs. 

4.i pints, 
lib. 

* 


3. Mixing. — The mixing of the ingredients will be carried out as 
follows : — The oil and turpentine will be first mixed, and added to the 
paint, and the whole thoroughly mixed with the hands, the paint being 
well rubbed between the palms until no lumps remain. It will then be 
strained through a piece of fine cloth (dhutwi ox guzi). The driers are 
only to be added just before using. 

4. Preparation of woodwork. — Before applying the paint the 
woodwork must be thoroughly cleaned, all projections removed, knots or 
holes covered, or filled in, with a preparation of red lead and glue size, 
laid on hot, called knotting. With resinous woods, such as deodar, this 
should be done by painting them over with hot lime. After 24 hours the 
lime is scraped off, and the knots painted with red and white lead and lin- 
seed oil. When dry they will be pumice-stoned smooth. 

5. Priming coat. — The priming coat composed of white and a little 
red lead, mixed with raw linseed oil, and a little litharge ground very fine 
in turpentine, will then be applied, and when this is quite dry, all cracks 
or holes are to be filled up with putty, and the whole surface rubbed down 
with pumice stone, or glass paper, and well dusted. 

6. Second coat* — The second coat will then be laid on in exactly 


•iJor last coat on inside work, some turpentine Bhould be added. 



( 35 ) 

tho same manner as the priming coat, and when diy the surface will be 
rubbed down with pumice stone, or glass paper, and well dusted. 

7. Third, coat. — The third or final coat will then be applied in the 
same manner as the preceding ones, greater care being necessaiy to pre- 
vent brush marks being risible on its completion, 

8. General. — The paint will be applied with brushes, and spread as 
evenly and as smoothly as possible. To effect this, as soon as the whole 
or a convenient quantity is covered, the brush should be passed over it 
in a direction contrary to that in which it is finally to be laid off ; this is 
called crossing. After crossing, it should be laid off softly and carefully 
in a direction contrary to the crossing, but with the grain of the wood, 
taking care that none of the crossed brush marks be left visible. The 
criterion of good workmanship is, that the paint be laid evenly, and the 
brush marks be not observed. In laying-ofi, the brush should be laid in 
to that portion of the work already done, so that the joining may not be 
perceived. Every coat should be perfectly dry, and all dust carefully 
removed, before the succeeding one is laid over it. 

9. The paint must not be allowed to settle in the cans ; to prevent 
this each painter will have in his tin can a small smooth stick, with 
which he must be made to stir up the paint occasionally. If it has to 
be laid on one side for a time in an open vessel, it should be covered 
with water to prevent oxidization and drying. 

10. In painting doors and windows, the putty round the glass must 
also be painted, and after the completion of the final coat, all the glass 
will be cleaned ; stains from paint, &c., being removed by the applica- 
tion of a little turpentine. 

11. Old work- — The old woodwork will be well rubbed down with 
pumice atone, greasy places being rubbed with turpentine. All projk- 
tions having been removed, the woodwork will then be washed with soap 
and water. All holes and cracks will then be filled with putty, any 
patches or blister marks to receive a priming coat. 

12. As soon as the wood is thoroughly dry, silicate paint, unless other- 
wise specified, mixed as described for new woodwork, will be laid on in 
two coats, in the manner specified in paras. 6 — 10. 

18. Ironwork. — All ironwork is to have the surface protected from 
rust before the work leaves the Executive Engineer’s workshop ; for when 
once the metal begins to oxidize, the process is most diflScult to arrest. 
Paint or other protecting coat will peal off, if applied to a surface con- 
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fonnr. ?po(>mlU- imulo for tlic purpose, ns spocl/ied uiulor flie head of 
" Concrete." 

G, Connolidntion. — Wiien flin concrete llioroutjlily mixod, it will 
bo laid on tlie tlair-riuLr in one thadcness of (i incite? dcejt. Care should 
be taken that the eonerefe is not in too fltiid a .st-afe. W/icn laid, it will 
bo beaten with small r.mn.l rannners C inches in diameter, until it shall 
have been redueiMl to r, inehe-: in thiekites?, and until the mortar shall 
have pnrtiidly ?»t. bib' this opieration is under progress, the surface 
.should be fre'jnenfly tesfpd, find kept perfectly true atid even in the line 
of the out Will'd slope spi'citieil, 1 in 20, 

7. '1 wo rows of coolie'^ will next be placed on tho roof alon," its entire 
width as close n*; they can sit, and will traverse the length of tho roof 
backwards and forwards. Iiealincr wlfli what is called a thdpi (jx wooden 
knife of the shape shown in the margin). This 

boatim; will continue, until the mortar shall c ^ Q 

have almost Si't and until tho thdpU rebound JPeratimi. Section. 
from the surface readily when struck on it. This will usually bo attain- 
ed after three days. 

8. While the beating is going on, (he surface of the concrete will be 
liberally sprinkdeil with water, iti which pur (coarse .sugar) and baeljruit 
(wood apple) are dissolved in the following {)roportions, viz., three-nnd- 
n-half seers of pth- and two seers of bad fruit to half a Commissariat beer- 
cask of water- 

0. Rendering surface. — As soon ns tho beating sh.all have been 
completed as de.scriI)od, the surface will be softened by being sprinkled 
with pure water, and the mortar which has been brought to tho surface by 
the boating will tlicn be smoothed, and rendered with the face of a trowel. 

1 0. The surface shoidd be worked to a very fine polish, and to assist this, • 
flue lime putty may be used .ipnriu'fli/ (the less the bettor) ; and as the pro- 
cess advance?, the surface slioukl be liberally sprinkled with water in which 
bael fruit and pur arc dissolved in tho proportions mentioned in para. 8. 

11. Surface.— No plaster is to be laid over the concrete on any 
account, as this, though a common practice, is often the source of great 
evil afterwards. The fine iiolished surface, which it is advisable to give to 
the concrete, in order to allow of water running off speedily, will be given, 
as already described, by rendering the mortar brought to tlie surface per- 
fectly smooth with tho face of a trowel, and by means of lime putty spar- 
ingly used. 
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12. Watering. — As soon as tlie upper surface of the roof shall have 
been rendered thoroughly smooth, and a fine polish given to it, by the free 
use of the smooth surface of a trowel, it wiH then be covered with 2 inches 
of fine sand or earth ; and over this again will be placed a layer of grass 
mats, which should be kept tlioroughly saturated with water until the 
rains shall have commenced. 

13. Junctions of terraced roofs with main clerestory walls will be 
secured by a drip course of the standard pattern, or when the wall has 
already been built, by a laying a iloor of roofing bricks 2 feet wide on 
the terrace, and let 3 inches into the main wall, 

14. The eaves, except otherwise ordered, will be finished off with a 
plain cornice, formed of projecting bricks, and plastered ; or with a dwarf 
parapet wall and plaster reveals, or cast-iron down-])ii)es down the walls. 

15. Mud roofing over bricks — Terraced roofs arc not suitable for 
dry climates like the Punjab ; they invariably crack in the dry weather 
and leak badly when rain comes on. Hence it is better to use mud over 
bricks laid as follows ; — 

IG. !Mud roofing over bricks will consist of 0 inches of well tempered 
clay consolidated over roofing bricks 12" x G" x 2" which will be laid diy 
over sawn rafters spaced at one foot central intervals, or will be jointed 
with mortar as may be ordered. 

17. The clay must bo stiff white or red clay according to locality, 
and after being e.xcavatcd is to be spread out to bo scorched by the 
sun. It is then to be reduced to powder, and stacked in heaps of 100 
cubic feet. 

18. Water is then added and the clay is well mixed by treading with 
the feet and with phowrahs, until the whole assumes the consistency of 
stiff mortar. 

19. It is then laid on the roof and well beaten until quite hard. It is 
then finished off with a coat of mud plaster, and leeped with cow-dung as 
described in the specification for mud plaster. 

20. Allahabad Tiling. — A full description of the manufacture of 
Allahabad Tiles will be found in the “Roorkce Professional Papers,” Yol. 
III., 2nd Series, page 14G, by Major G. P, do P. Palconnet, R.E. The 
tiles should, however, always be burnt in Bull’s Trench Kilns, the latest 
patterns of which are described in his pamphlets printed at Lahore. 

21. Single or double Allahabad tiling will be used as specified or as 
directed by the Executive Engineer. In districts where high winds prevail 
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this kind of roofing is unsuitable without a ceiling cloth, 'ris it lets :in hot 
air too freely in summer and cold air in winter with intolerable quantities 
of dust at both seasons, ^ihis can be remedied to a great extent by using 
the pattern oi flat tile sliown in Plate LXX. in the lower ‘layer set in 
clay and lime pointed below. 

22. Double Allahabad Tiling. — Double tiling will be laid as shown 
in Plate LXIX., and will consist of ]a 3 ’ers of flat tiles laid bn battens, 
the latter being secured to the common rafters. The side edges -of every 
two adjacent flat tiles will be covei’ed b}' a semi-hexagonal tile j over 
tliese semi-hexagons will be laid another layer of flat tiles,- the adjacent 
edges of every two ol the latter being again covered b}'' a semi-cylin- 
drical tile. 

23. Single Allahabad Tiling. — Single tiling will consist of a layer 
of flat tiles laid as described for the lower layer of double tiling, but 
having the adjacent two edges of eacJi row covered with a row of semi- 
cylindrieal tiles. 

24. General. — All tiles used must be thoroughly burned, of uniform 
colour, and free from twisting and other imperfections. They must be 
of a dark red colour, and must ring clearly when struck. The three 
lowest tiles in each layer, over the walls and next the eaves, ‘will- be set 
in fine mortar. 

25. All tiles must fit closely and well, in the position shown in Plate 
LXIX. ; the moulded niche at the lower end of each flat tile fitting com- 
pletely into the head of the tile next below it, and the buttons at' the ■ 
upper end must have a firm hold on the wooden battens, placed at -one 
foot intervals, to receive them. 

26. Each semi-hexagon must fit exactly in its position, 'both on' ’the 
flat tiles imder it and also into the bed specially formed in the- upper part 
of the next semi-hexagon to receive it. 

27. The upper layer of flat tiles must be exactly the thickness of the 
semi-hexagon. They will then exactly overlap each other by 3 inches, 
and 'yet fit in the position made for them on the semi -hexagonal tiles, the 
lower buttons taking the lugs moulded on the sides of' the semi-hexagons 
■‘to receive them. 

■28. Over this upper layer of flat tiles, and covering the two -adjacent 
edges- of every row, will be laid a row of semi-cylindrical tiles, which must 
'again- fit "exactly on to the flat tiles, the shoulder of the niche cut out of 
each doming close in contact with the' lower edge of the flat tile under it, 
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•'.arid'tlie^buttons'iiowaTds'ithe 'Ibwbr erid will > exactly -lie ■ on the upper ‘edge 
of the semi-cylindrical tile next beneath it. 

.29. The ridges, and Mps when existing, will be covered by the tiles 
■ specially manufactured 'for these positions, and as shown in the drawings 
dn Major Ealconnet’s article. 

30. The three lowest tiles in each course,-'also all ridge and hip tiles, 
•wiU .be set in fine sound ^mortar, and will be -well watered for five days 
-after laying ; but no mortar is on any account to be used in any other 
part of, a tiled, roof. 

31. A wobd rasp may be used in making the tiles .fit completely and 
closely, • but any tile which cannot be made to fit with fits neighbour 
•closely, without injury from rasping, must at once be rejected. 

32. When the , roof covering is completed,- all the lines-of the tiling 
must be perfectly even -and straight. This will best be observed by 
noticing .the diagonal lines made on the roof by the end of the semi- 
cylindrical tiles. 

33. For specification and instruction as regards the manufacture of 
bricks and tiles. Major Falconnet’s ■ article above referred to ‘Should be 
consulted. 

34. Mangalore Tiling. — This tiling will be of thoroughly burnt 
Mangalore tiles of -the Basel Mission make, laid fair and square and pro- 
perly fitting, with the catches resting fully against battens nailed 12^ 
inches from centre -to centre to the upper surface of the rafters, and-iexact- 
. ly at right ■ angles to their direction. Care must be taken that each 

course is laid. perfectly ‘parallel to the rafters. 

■ 35. Below the channel- of ■ edge of the lowest or eaves row of ‘tiles- a 
batten of extra thickness is to be used to make the slope even -and 'con- 
tinuous from ridge do- eaves. 

36. The ridge and ' hip ' tiles will be set in the 'best lime mortar; 
and where high winds prevail, the .ends of the eaves tiles will be nailed 
with iron nails or secured .by wire to the eaves batten,- -unless the eaves 
are bedded on to a masonry cornice, or a planked ceiling is -given below 
them. 

- 37. -In excessively wet- places it is:-advantaigeous'‘to well -coat the beds 
hr- channels of the tiles ‘with'itar. 

38. To make a Mangalore tiled ‘roof -absolutely water-tight,- a plailked 
ceiling .should be given below the tiles to be -'Covered- with ‘Strong dungry 
cloth laid inrrlengthsr'parallel to ; the -boards,-iand' each width' overlapping 
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that bclo«‘ it at least 3 inches. The ^Y]lolo to be ytoII taiTcd. See Plates 
LXXI and LXXri. 

30. Corrugated Galvanised Iron Eoof Covering.— The corru- 
gated iron will i)c of (he gauge ..specified by the Executive Engineer. The 
surface of the'shccts must he clean and Iwight and free from rust. Any 
sheets showing a wliito j)owdery deposit should be rejected. 

•10. The ])urlins to which (he sheets will be fastened will run in hori- 
zontal line.? along the length of the roof. There should be one at each 
end, and one in the middle of each sheet. These should not be of deodar 
ns it corrodes zinc. 

Al. Each slicot will be laid on the roof with a lap of 6 inches in its 
length : the side laps will extend over two corrugations, when the latter 
arc small, and over one when they measure about 5 inclies or more. The 
use of sheets having large corrugations is, liowever, to be avoided. 

42. U'ho sheets should bo rivetted together in sets on the ground. 
Generally throe sheets in length, and three or four in breadth, can be com- 
pleted on the ground, before they arc lioistcd on to tlie roof. 

43. In rivetting up the sets, the sheets should be placed on trestles 
about 2 feet liigh, so tlint men may bo able to work comfortably under- 
neath, The rivet holes must bo punched from below, upwards, so that 
the arris may bo at the top. The tcols must be very sharp, so that there 
may be no tearing of the sheet, and the hole must be clean punched out. 

44. I'hcse rivet liolcs will be placed at from 1 to 2 feet intervals along 
the edge of tlio lengths of the sheet, or at such distance approximating 
to above, as will equally divide the sheet along its length. At the tops 
and bottoms, each sheet will be rivetted at the corners, and at least once 
in its breadth. 

45. At the corners, where the rivets have to go through four sheets, 
it is better to drill the holes from below. All holes will be in the ridges, 
and never in the gutters of the coiTUgations. 

4G. In fixing the rivets, which will always be of galvanised iron, they 
will be passed throng]) from below, and lielcl up firmly by a bolster resting 
on a block of wood placed on the ground. A leaden washer fitting tight 
to the shank of the rivet, and extending ^-incli all round beyond tbe 
edge of the hole, will be put on, and the rivet head will be made over it 
with a light hammer, and finished off with a capping tool. Great care 
must be taken that the sheet be well supported underneath, and that no 
indentation be made on the upper siu-face of the corrugation. 
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66. Tlie' sheeting, will, be laid' on; planking of • chir,, deodar,, or other 
wood. of the thickness , specified. The planks, in. barrack roofs, will ..touch- 
each other, laterally, and. in subsidiary buildings be spaced at, intervals, 
equal, to their breadth. The planking will be secured to the . rafters, by, 
3-inch, screws, spaced as may be directed by the Executive Engineer. If, 
corrugated iron sliccting be \ised it may be laid on purlins spaced, as. 
directed in para. 40 of . tlie foregoing specification. 

57., The battens B (see JPlatcs LXXiy., Fiffs, 2. and. 5, and LXXY.) 
2" X will be secured to the planks by, screws; 3 inches long, and. 3. 
feet apart, driven from below. The ends of the battens, at the. eaves will 
be rivetted through to the planking, with. an. iron, rivet |-inchi diame- 
ter, with washers 1-^f x 1^-" X at each, end of the rivet, (see C, Plate. 

Lxx^’:.). 

58. The sheets will have their longitndinal edges curved, by first ham-, 
mering them with, a wooden mallet,. TOth a curved: head, on a wooden 
platform ; the other side of the sheet being gradually elevated, mxtil the 
edge under treatment has assumed tlie form,, required approximately. 
The. edge is then finished; off,, by being hammered with the same mallet, 
round a wooden bar of the required shape. The sheet thus prepared 
will be placed on the roof, and. will, be secured to tbe planking at its 
upper edge by one l,|-incb screw (see F, Plate LXXV.) placed 1^, 
inches from the upper edge of the sheet, and half way between th,e. 
battens. The sheets are held down at their edges by three iron, clips, 
Zy X y X y (see E, Plates LXXIV., Fig. 1 and LXXY.) counter- 
sunk into the battens. The clips are made, from the iron hands, which 
are used to bind the bundles of iron for transport, and will be screwed, 
down to tbe battens with l|-inch screws, \ an inch apart in tbe clear. 

59. The rolls or covering strips (see A, Plate LXXY-). whl he of 
plain sheet iron, galvanised or not to accord with rest of roof, of 22 
B. "W. G. The strips will be hammered round a wooden bar of proper 
shape with the wooden mallet mentioned in para. 58, and when nearly of 
tbe shape required, an iron ring of proper shape will be placed over tbe 
roll and wooden bar at one end, and hammered down the bar to the' 
other end, thus forcing the roll to assume the exact shape of the wooden 
bar. The rolls will then be slipped on to the battens, and each secured 
by one 1-^-inch screw (see H, Plate LXXY .) placed 1^, inches from the 
upper edge of the roll. 

60. The ridge will then be covered in with specially shaped ridging or 
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plain iron sheeting, galvanised or hot to accord vrith rest of roof, of 18 
B. W. G. These sheets will be 2 feet wide, and will be carved along 
theiir upper edges in the manner described in para. 58. They will be laid 
on the battens supporting the rolls, or on planking screwed to the battens, 
overlapping each other longitudinally by 9 inches (see G, Plate LXXV.), 
the joint or overlap being set in white lead. To secure these sheets, clips 
KK, 13" X 1" X •[%", will first be screwed down to the battens (through 
the planking) with two 2-irich screws (Plates LXXIV., Figs. 1, 2 arid 
LXXV.). The lower edge of each shfeet will then be inserted in the clips, 
and the upper curved edge of the sheet brought against the ridge pole, 
where it will be secured in the manner described in prira. 58 (Plate 
LXXIV., Fig. 1), thus leaving neither screws nor rivrits exposed. A 
wooden fillet 5" x 1^" x f" should be inserted under the end of the rolls 
A to prevent the screws holding down the clips K flattening them out 
(Plate LXXIV., Fig. 1). The special shaped ridging if used will be fixed 
by its edges by similar clips as described above, and if considered necessary 
will be further secured by galvanised iron screws to the ridge plate, 

61. The ridge sheets being fixed will be covered tv a rcl' sknilar to 
those specified in para. 59 running along the whole lengoL c: the ridge 
(Plate LXXIV., Fig. 1). 

62. Each sheet and roll at the eaves must he leild d:”n an fror; 


clip, (see L and M, Plates LXXIV., Figs, .3, 4 an:£ ZZIZ 
the plaiikirig, arid passing over the end of tlfc -Izinez r — il 
should be given to sheets more than 2 feet vdoe .. Tdr h: n: 
wind getting between the sheet and the niluihfrx arf vfiir. 
up at its lower extremity. 

63. Wheri urigalvanised iron is on is- .'rnxn itf.-r.n 

the roof covering will receive tv-o ^ onr..*. 

specified under' “ Painting,” a.^ter -frie o-'rrin- -er: 

and all signs of rust removed hy y'-m rnr: .rd. t- ? 

done in fine dry weather. 

64. The drawings gi'.et ~ ~,T 

LXXV.) are for plain ihiKTin ^ r 5 



1. Gutters 'jt 



superficial food, -u’.- 
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7. The sectional area of a conductor or mass of conductors leading 
from any possible striking point to a main earth connection must, if of 
copper = 0'13 square inch, and if of iron = 0'8 square inch. The most 
usual sizes for conductors of full power are — copper tapes 1^" x or 
iron tapes 2" x §''• 

8. There is no reliable rule concerning the area of protection given 
by a conductor of given height. Any object to be thoroughly protected 
from lightning, must be furnished as described with proper conductors. 

9. Conductors even on the most important magazines can be spaced 
at intervals of 50 feet, but no point on the building should be more than 
25 feet horizontally distant from a lightning rod. 

10. When a chimney or other inaccessible erection has to be protected 
from lightning, the best plan is to carry a continuous conductor of half 
power up one side and down the other, to use two earth connections, and 
to employ a connecting conductor just above the ground line, as shown on 
Fig. 4, Plate LXXVI., and also one round the outside of the top of the 
cap, and a few inches below it with terminals projecting 1 foot above the 
top of the shaft at intervals of 3 or 4 feet all round. 

11. The angles and prominent poidions of a building being most liable 
to be struck, the lightning rods should be fixed on gable ends, chimney 
tmxets, &c., and they should be connected together by continuous con- 
ductors along ridges. 

12. In all situations where several conductors are joined in one system, 
the vertical conductors should be connected both at the top and near the 
ground line. The horizontal conductor used for tlie latter operation 
should be carefully connected to the earths, and all the joints to it should 
be above ground, both for inspectional purposes and to prevent local 
galvanic action. 

13. Lightning conductors should be connected to any outside metal 
on tibe roof or walls of magazines, and especially to the feet of metal rain 
water pipes. 

14. In barracks with iron roofs, such as those in hill stations, the 
conductor may consist of a strip of galvanised sheet iron 12 inches wide 
by -j^^inch thick, fixed to each comer of the building, rivetted and sol- 
dered to the underside of the roof covering at the eaves. The strips will 
run down the walls, and be fixed by small iron staples let into the joints 
of the mortar at intervals of about 1 foot. Where masonry chimneys- 
exist, a strip 6 inches wide must pass over the top of the chimney, and,' 
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17. The connection between the lightning rod and the conductor is 
made by means of a slotted clamp similar in design to those employed for 
test or otlier joints. The lightning rod terminates at its lower extremity 
in a ^inch bolt, which is screwed into the clamp, thereby making firm 
contact with one or more tapes inside it. This joint admits of visual 
inspection. (See Plate LXXVII). 

18. Earth connections are of two kinds — deep and surface. In im- 
portant cases both kinds should be provided, unless tlie permanent water 
level is very near the surface. The reason for this being, that sometimes 
(after drought) the induced earth charge is collected on a damp substra- 
tum, when a deep earth is necessary ; and sonietitncs (aiter rain) it is 
collected on the surface, when a surface earth is necessary. A deep earth 
will generally be a well or at least permanently damp soil. If a well it 
should not be less then 3 feet in diameter, and be carried down 10 feet 
below water level in the driest seasons. The bottom 10 feet should have no 

r 

mortar or cement in the walls. The conductors will be led into the well, 
and rivetted and soldered to a plate resting at the bottom of the well of 
at least 24 square* f''*-' ^ ‘ '’'"■"■Inctors are of copper, 

Corvection to Military IForis TIandhook. 

Page «, paragraph 18, Uao 17, /or "S8 teat” read "100 feet.” 



About ^38'Ieet of tape is required for this connection wliicn onnares wio 
necessity of any underground joint. Iron water pipes answer admirably 
as deep earths, but gas pipes must not be used as such, ns accidents have 
been occasioned by a lightning discharge along a gas main breaking the 
pipe at the joints, and igniting the gas. 

19. When neither a well nor iron water pipes are available for a deep 
earth, the conductor must be carried down to the dampest soil available 


in the manner described below. The conductor must be bent and carried 


away from the building along the bottom of a trench 4 feet deep for a 
distance of not less than 30 feet ; at this point a circular pit 4 feet in 
diameter is to be dug, across the middle of the bottom of which an earth 
plate is to be set up vertically, and connected in the usual way with the 
conductor. The pit on both sides of the plate is to be filled up with 
charcoal or coke to the level of the upper edge of the plate. In cases 
where permanently damp soil is not to be obtained, a pipe may be carried 
up from the centre of this mass to the surface of the ground, and earth 
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filled in all round it. Whenever practicable surface drainage and roof 
down pipes should be’ arranged to discharge into the pit’s mouth, and dur- 
ing the dry season water should be poured down the pipe. 

20. Surface earths, which are to be given in addition to deep earths in 
important cases, may consist of trenches 25 to 50 feet long, according to 
the dampness of the soil, 1 or 2 feet deep, filled with coke and ashes, and 
carried away from the building. The end of the metal conductor should 
be carried along the bottom and through the whole length of each trench. 

21. The portion of the conductor between the building and earth con- 
nection may be in shallow horizontal trenches, surrounded on all sides by 
6 inches of coke or charcoal. 

22. Conductors should be fixed to the walls of buildings with small 
staples of the same metal as the conductors themselves. 

23. Allowance must be made for contraction and expansion due to 
temperature by introduction of suitable bends and loops at intervals along 
the lengths of the conductors. 

24. In erecting conductors unnecessaiy bends are to be avoided. All 
bends ^hould be gradual, sharp re-entering angles are not admissible. 
Conductors should be taken through and not round small projections. 

25. Conductors should be tested immediately after erection, and once 
a year at the end of the dry hot weather. This will be carried out by the 
Executive Engineer, or competent Subordinate, in the manner described 
in the “ Code of Instructions for the guidance of Public Works Officers in 
the erection and testing of Lightning Conductors,” published by the 
Government of India in 1883. 

26. A record of such tests should be kept up in a book in each Execu- 
tive Engineer’s office, which should contain a descriptioujand plan of all 
important conductors in the Division. This record should be a tabular 
statement showing (a) state of soil when inspected ; (i) date of inspection ; 
(c) lightning rodsj state of points and connections ; (d) conductors, and con- 
dition ; (c) earth, condition and amount of resistance in Ohms at each test. 


Road Metalling. 

1. Hoad metal will consist either of broken stone, kankar, laterite, of 
vitrified brick. 

2, When stone is used, it must be hard, tough, and durable ; no boul- 
ders weighing less than 4 seers must be used. 
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8. Sandstone shall not be used, unless when thoroughly indurated by 
the action of heat. 

4. Kankar, laterite, or vitrified brick shall be as tough and heavy as 
can be procured in the locahty. A dark blue fracture will generally in- 
dicate a good specimen of kankar. 

5. Stone road metal shall be broken to such a size as will pass in any 
direction through a ring 1-^ inches in diameter. 

6. When kankar or vitrified brick is used, each piece of the material 
must be capable of passing through a ring 2 inches in diameter in every 
direction. When laterite is used the ring may be increased to 4 inches in 
diameter. 

7. The thickness of metal to be laid on new roads will be 9 inches, 
and a coat of metal for repairs, to be laid down every five years, will be 3 
■ inches deep. 

8. The surface of a road must always follow approximately in profile 
the curve of a semi-ellipse, the centre of which is 3 inches higher than the 
sides for a width of 12 feet, and for other widths in proportion. 

9. The berms (or earthen margins on each side of a road) will be each 
6 feet wide. They shall always be maintained to the full height of the 
upper surface of the metal|on the outer edges of the road, and shall slope 
from this point outwards with an inclination of 1 in 10. 

10. Road metal, before being laid on a road, must be perfectly clean 
and free from any admixture of earth or other foreign matter. In order 
to ensure this, it will generally be necessary to break and hand-pick the 
kankar, and the Executive Engineer’s directions will be taken on this point. 

11. When a road has to be repaired by laying a 3-inch coat over the 
old surface, the latter will first be scraped and made perfectly clean, and 
will afterwards be roughed with a pickaxe, and thoroughly soaked with 
water, before the new metal is laid. 

12. To ensure that the upper surface of the road shajl assume and re- 
tain the proper shape, as already described, wooden templates must be 
constantly used for testing the surface while the process of consolidation is 
going on. 

13. The consolidation of the metal will be obtained by rolling or 
thorough ramming with iron rammers, weighing not less than 12 lbs., an 
abundance of water being used, and the ramming will be continued until 
the metal is so far consolidated, that light conveyances can pass over the 
new metal without making any mark or indentation in it. 
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Id. Cnre tntist be tnlccii tlmt the incline or level in each length of the 
road is maintained })erfcctly true ; and where the new metal terminates, no 
sudden step should be left, but the junction of two surfaces must be made 
quite perfect. 

15. hletal for a new road, or for the repair of the surface of an old road, 
will be collected and stacked in a long continuous heap along the berm of 
the road. The stacks for a road 12 feet wide and a 3-inch renewal are to 
measure in cross section 4 feet wide at bottom, 2 feet at top, and 13 inches 
in height, and proportionate for other widths of roads or thickness of metal, 
but the height of the stack will always be 13 inches. The metal will never 
be paid for until these orders shall have been fully complied with, and 
until it shall have been inspected and measured by the Executive En- 
gineer, or by such person as he may depute for this duty. Laterite metal 
should be stacked at least six months before it is to be consolidated. 

16. The contractor shall use all due precaution for the safety of 
passengers by placing a barrier across each end of the length of road 
which is being worked upon. 

17. This barrier must be substantial, and must in every case receive 
the approval of the Executive Engineer. At night a chowkidar (watch- 
man) must be placed at each barrier to give due warning to persons 
using the road. 

18. In the centre of the road, directly across it, and suspended 3 feet 
over it, will also be fixed a box 5 feet long and 1| feet square, with trans- 
parent sides made of thin cloth facing up and down the road, and within 
this box will be placed two bright lights. The apparatus should be so 
arranged as to be seen at a distance of 100 yards along the road in both 
directions on a dark night. 

19. No traffic will be permitted to pass over a road when under re- 
pairs, without the express permission of the Executive Engineer. If 
necessary, to meet the convenience of the public, only one-half of the width 
of a road will be repaired at a time. 

20. No excavation for the supply of earth, to be used in the con- 
struction or repair of a road, shall be made nearer than 150 feet from its 
outer edge ; unless the Executive Engineer shall give special directions 
in the matter. 

21. Stone metalling with steam roller. -^The metal having been 
collected and broken as already specified should be sifted through a screen 
consisting of vertical rods of iron placed 1^ inches apart before being 
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stacked. The screenings are to be deposited in heaps between the stack 
of metal and the road side drain. 

22. In constructing new roads, no metal is to be laid down until the 
embankment or ground on which the metal is to be laid has been thorough- 
ly consolidated and dressed to receive it, and the written permission of the 
officer in charge of the work has been received ; in default of this the con- 
tractor will be responsible for all unequal settlements, or other defects of 
surface. In new roads the soling consisting of stones 6 inches thick, 
closely packed with their broadest sides horizontal, will then be laid and 
small interstices filled in with earth. The latter must on no account be 
allowed to cover the soling. 

23. The road is then to be marked out to the proper width, and the 
metal laid with a slope of 1 in 24 from centre to sides of road. If it is to 
be 12 feet wide, the metal will be 6 inches deep in the centre and 8 inches 
at the sides, the convexity of the surface being preserved by templates 
placed at intervals of 10 feet, between which strings are stretched. 

24. Only so much metal shall be spread on the road during the ary 
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31. Next-inoriiing commence rolling.; until the, rolling : is completed, 
no more water is to be added, except at night, ns if added .during .the 
same day tlio surface I)econio3 ;too .wet, and earth -will stick, to the roller 
and drag up pieces of metal. 

32. When road is quite hard, spread another thin- layer, of diy .earth 
over surface just enough to cover the stone. This must . also be ^broken 
small and spread by liaud by a line of coolies sitting across the road. 
Cover this with the metal screenings, water in the afternoon and roll, next 
morning .until hard. 

88. -Finally . on roads inside the Cantonments, ; give -^-inch clean river 
sand over the whole surface of road as a top dressing.; ithis.mayibe j:olled 
once. 

34. If hea\r}- rain falls .work must be stopped until earth has dried again. 

.,85. General. — The earthen sides of the road are to keep pace with 
;the finished consolidation. If the .berms are wide, .they iwill be -finished 
with a slope of 1 in 40 for a width of 14 foot on .each side of the metal, 
mid thence .with an even slope to .the.sides drains; they are to be well rolled. 

8G. When earth is taken from the road. side drains to make up .the 
earthen sides, the levels of the drains are .to be carefully .preserved, and 
where not otherwise directed the aides are to be sloped off at an angle '45? 
nnd cut in, a perfectly straight line. 

87. In re-metalling existing roads, the surface of the ;oId metal ds .to 
be scored. across with a, pick at intervals of feet, so. ns to.giye the new 
metal . a hold on.tlie old, and all ruts and hoUo.ws are .to be .filled up with 
broken metal before the fresh .coat is laid ; this is to be done ,and earthen 
sides rfinished as specified above. 

,3.8. At the termination of any coat .of metal, :the old -and -new coats 
pre (to be connected by a long ramp or slope which is not ,to be terminated 
with a feather edge, but is to be buried in tlie old .coat. . 

.39. After consolidation a stone metalled road will often .work loose -and 
break up ; i,n this case it must be re-rolled with a little top dressing added, 
pnd it will .then rarely give any more trouble. It .should be kept watered 
for thre.e .weeks after consolidation is completed. 

,40. Patch repairs. — In executing repairs the liole, rut, -or patch is 
to be cut out to the full depth of the coat of metal in a ^rectangular forni 
enclo.sing the patch with sides parallel to .the centre line of the road, the 
vertical edges being sloped off at an angle of 45°. 

41. Road metal as speci^ed Above is then to .be laid in the holes And 
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covered -■with • a |-incli of earth and aii'i inch of screenings, ■ its surface 
being half its depth above the road. It is then to be consolidated with 
water and' heavy\ iron hammers until the finished surface of the new patch 
lies perfectly even with i;he' surface of the road. 


Well-Sinking. 

1; The method employed 'in sinking wells varies greatly in different 
pldces ; 'the opinion of the local native well-sinkers should always be invit- 
ed, as they are generally very expert in their profession. 

2. - The folldwing specifications are given as general ones to be followed 
in the case of (1) hard soil, (2) sandy soil. 

3. Hard Soil.: — Rates will include all plant and labor requisite, except' 
where casing is required, the planking for which will be supplied to the'con- 
tractor- who will find the labor for fixing it. The contractor is to provide 
secure means of descending into the well during the progress of the work. 

4. The excavation for the well “will be first marked out to the requisite 
diameter, which will be 2 feet larger than that of the outside of the steining.- 

5;- The- excavation will then be commenced and continued vertically- 
downwards until the water level is reached, care being taken to keep it of 
the same diameter throughout. A shaft 4 feet in diameter will then be- 
sunk' to ascertain that a water-bearing -stratum has been reached, which 
will give a permanent supply -of at least 10 feet of water. 

6;- Should any sandy or shaly soil be met with, the sides of the excava- 
tion must be cased with planldng. - Rock must be carefully blasted out, 
the charges used being first approved by the officer in charge of the work. 

7. The curb will then be placed at, the bottom, and will consist of 

separate -thicknesses of sound heart-wood- 'of shisham, mulberry, or other 
hard wood cut to the requisite curve, dove-tailed, dowelled and fastened with 
bolts, straps and treenails as shown in the drawings. It will first be put 
together- -on -the -surface of the ground and after being examined by the 
officer- in charge of the work, it will be taken to pieces, tarred, and lowered 
down to the -bottom of the well, where it- will be put together and firmly 
fixed and levelled i '' 

8. Six 1-inch vertical iron rods rising above the cUrb ak' high' as the 
depth bf - water proposed- will then be passed through the centre of the curb 
at equal intervals', and be secured below with nuts' to tie do'wn the- steining 
under the water to the curb. These tie-rods being secured so as to keep 
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them vertical, the building of the steining on the curb: 'will be commenced 
round them. 

9. The steining will be of brickwork or rubble masonry laid in mortar. 
If of brickwork it will be li feet thick, and of bricks specially moulded to 
the requisite curve and radius, and laid as specified for 1st class brickwork. 
Drawings of the bricks and bond to be observed will be supplied to the 
contractor. If in rubble masonry, the steining will be 2 feet thick ; the 
stones must be roughly dressed with the hammer to the requisite shape, 
and the work executed otherwise as specified for coursed rubble masonry 
in mortar. 

10. On the completion of a height of steining equal to the proposed 
depth of water, a circle of flat bar iron 3" x will be laid on top, through 
holes in which the iron tie-rods will pass and against which they will be 
tightly screwed up, the tops of the screws being rivetted on to the nuts. 
Weep-holes 6" x 3" are to be left at intervals in the steining as may be 
directed, for the admission of water. 

11. The brickwork or masonry will then be allowed to stand until the 
mortar has set, when the sinking of the cylinder may be commenced, the 
permission of the officer in charge of the work having first been obtained. 
The earth below the water level will be excavated and the cylinder loaded, 
care being taken that it descends evenly and vertically. 

12. When the requisite depth has been obtained the sinking is to cease 
and steining to be carried up to the top, the vacant space round the steining 
being filled in and thoroughly rammed as work proceeds. If it be intended 
to fix a platform or pump in the well, holes 1' x 6", into the bottom of 
which 1-inch bolts are to be built, must be left in the steining at the requi- 
site intervals, into which beams can be fixed. 

13. The top portion of steining will be corbelled out to the outside to 
support the four brick pillars and the portion of the platform which rests 
oyer the filling and to prevent any settlement. The corbelling will com- 
mence 10 courses below the top and will project 2^ inches in each course. 

14. Round the well will be a platform about 6 feet wide with a brick 
or terrace floor laid with a slope to a drain round the outside of it, and 
having a curb round the inside to prevent water flowing back into the well. 

15. All soil and rubbish must be removed from under the curb until 
the sole has an even surface, after which a wooden grating is to be fitted 
in the well, and filled up with broken stone to a height of 2 feet. 

16. Sandy Soil. — In many localities in India the water-bearing sand 
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Cleats :out cracks with a brush, and haying: bailed the -materials, apply,;; 
wit^ , a small trowel, . 

O'O'. 12 .chittacks-resin, S-chittacks .sulphur, ,1 seer linseed loil, . 

Grind the resin and sulphur, fine,, mix^,. together, put .into the oil,, and. i 
then boil the, whole , together. , - 

(iii). To stop fine hair cracks in a new.rooi the following is.^ often yeryr 
successful 

Spread over the. roof a solution of .1; part cement,. i;part cow-dung, l,p8i:to 
sand — it . takes two days to. set^ : . ■ 

2- Cleaning Marble.— Mix together one part by weight of country-, 
soap, with three parts of quicklime and sufficient water; -to ‘.form; a paste. 
Lay on with a brush, and when, dry, rub down with., pumice stone. , 

3. Putty-— r.Take 1 seer whiting, . 1 chittack white lead (dry), 6 chit- . 
tacks raw linseed oil, 2^ tolahs litharge, mix well together and then, beat;, 
with a. wooden mallet until thoroughly incorporated. If the putty. , be-., 
comes , hard it can, be restored by heating- it, and .working- it -up, again while .-, 
hpt. 

4. To soften putty.— One lb. of. American pearlash, , 3 -lbs. of quickr, . 
lime ; slake the lime in water, then add the. pearlash, and make the-whole i 
about the consistency, of paint. Apply it to both aides -of the, glass,,. and ! 
let it remain for twelye hours, when the putty will be so softened .that;., 
the glass may be easily taken out of the frame. 

5 . Linseed oil.— The choice of,,linseed oil is of. peculiar consequence., 
to the Tarnish maker, as upon its quality, to ,a great -extent, .depends , 
the beauty and durability, of the. yarnish. O.il expressed from green,,, 
unripe seed always abounds with watery,, acidulous particles, . Thei;,qual-,: 
ity of the oil may .be determined in, the foUowing manner :-r^Pill a phial 
with oil, and hpld it up to the light; if bad, it, , will appear opaque, 
turbid, and thick ; its taste is acid, and bitter upon the tongue, and it 
smells rancid and strong ; this ought to be rejected. Oil from. fine full-,, 
grown ripe seed, when viewed in a, phial, will .appear, limpid, pale, and,, 
brilliant ; it is mellow and, sweet to the taste, ba,s, very , little smell,, is 
specifically lighter than impure oil, and when boiled .or clarified, dries,, 
quickly and firmly, and does not materially change the colour of the var- 
nish when made, but appears limpid and brilliant. ^ 

6. Asphalte varnish. — Boil coal tar until it shows a disposition 
to harden on cooling ; this can be ascertained by rubbing a little on a piece 
of metal. Then add about 20 per cent, of lupap-asphalte, stirring; it 
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-with the boiling coal tar until all the lumps are melted, when it can be 
allowed to cool, and. kept -for use. This makes a very bright varnish for 
sheet-metals, and is cheap and durable. 

7. Vamisla for ironwork. — Dissolve, in about 2 lbs. of tar-oil, ^ 
lb. of asphaltum, and a like quantity of pounded resin, mix hot in au iron 
kettle, care being taken to .prevent any contact with the flame. When 
cold, the varnish is ready for use. This varnish is for out-door wood and 
ironwork. 

8. Varnish, for common work. — This varnish is intended for pro- 
tecting surfaces .against atmospheric exposure. It has been used for 
coating wood and ironwork with great advantage. Take 3 lbs. of resin 
und powder it, place it in a tin can, and add pints of spirits of tur- 
pentine, well shake and let it stand, occasionally shaking it for a day or 
two. Then add of boiled oil 5 quarts, well shake altogether, and allow 
it to stand in a warm room till clear. The clear portion is decanted and 
used, or reduced with spirits of turpentine until of the proper consistency. 

.9, Varnish for iron patterns. — A good varnish for iron is made 
as follows: — Take oil of turpentine, and drop into it, drop by drop, strong 
commercial oil of vitriol ; the acid will cause a dark syrupy precipitate in 
the oil of turpentine ; keep adding drops of vitriol until tbe precipitate 
shall have ceased, then pour out the liquid, and wash the syrupy mass 
with water, and it is ready for use. Heat the iron to be varnished to a 
gentle heat, apply the syrupy product, and allow it to dry. 

10. To remove old paint — Wet the place with naphtha, repeating 
as often as is required ; but frequently one application will dissolve the 
paint. As soon as it is softened, rub the surface clean. Chloroform, mixed 
with a small quantity of spirit of ammonia, composed of strong ammoniac, 
has been employed very successfully to remove the stains of diy paint from 
wood and other substances, 

11. Rendering wood incomhustible. — Soak the wood in a strong 
solution of alum and siilphate of copper. About 1 lb. of alum and 1 lb. 
of sulphate of copper should be sufficient for 100 gallons of water. Those 
substances are dissolved in a small quantity of hot water, then mixed witli 
the water in the vessel in which the wood is to be steeped. Tlie timber to 
be rendered fire-proof can be kept under the liquor by stones or any other 
mode of sinking it. All that is required is a water-tiglit vessel of Sf/fliefoii t 
dimension to hold enough of the liquor to cover the tim))er,s v/hlcl) tilioiild 
be allowed -to soak for about four or five days. After this, it Js tr.lf/i// ijtij, 
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and allowed to dry tlioroughly before being used. A plan of rendering 
the wood partially fire-proof is to whitewash it two or three times. 

12. Glue-melting. — Break the glue into small pieces, and soak from 
twelve to twenty-four hours in cold water, put the glue in the glue-pot, fill 
the outer vessel with water, and apply heat. For ordinary purposes it 
should run freely, and be of the consistency of thin treacle. The hotter glue 
is, the more force it will exert in keeping the two parts glued together ; in 
all large and long joints the glue should be applied immediately after boil- 
ing. Glue loses most of its strength by being often melted that glue, 
therefore, which is newly made, is much preferable to that which has 
been used. When done with, add some of the boiling water from the 
outer vessel to the glue, so as to make it too thin for use. Put it away 
till wanted again, and by the time the water in the outer vessel is boiled, 
the glue in the inner is ready melted and the proper thickness for use. 
Powdered chalk, brick-dust, or saw-dust added to glue, will make it bold 
with more than ordinary firmness. 

13. Glue to resist heat or moisture. — ^Mix a handful of quicklime 
in 4 ozs. of linseed oil ; boil them to a good thickness, then spread it on 
tin plates in the shade, and it will become very hard, but may be easily 
dissolved over the fire as glue. A glue which will resist the action of 
water is made by boiling 1 lb. of common glue in 2 quarts of skimmed 
milk. 

14. Marine glue — Dissolve by beat one part of pure india-rubber 
in naphtha ; when melted, add two parts shellac ; melt until mixed. 

15. Good alloy for working models. — 4 parts copper, 1 tin, ^ 
zinc. Hardness increased by doubling zinc. 

16. Brazing solder — Melt brass with ■^tb its weight of zinc. Pour 
out of crucible, cool, and granulate by crushing under a hammer. 

17. Coloring walls of a Racquet court. — Mix for one hundred 
square feet of walling — 

Lamp black 10 cbittacks ; white lead 6 cbittacks ; linseed oil 12 chit- 
tacks ; turpentine 1^ chittacks. 

This will lie dead without shine on most walls and will not come ofi on 
racquet balls or clothes. 

18. Printing Ferrotype plans.— Put the tracing in the press and 
then the prepared paper over it. Shut tbe press and place it in the sun- 
light. Expose it for 2 minutes only. Then take the press into a dark 
room and remove the paper from the press and place it in a dish and pour 
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water over it carefully, so as not to leave any portion of the paper dry. 
Wait for 4 or 5 minutes, then again pour water on the paper and again 
wait. Contimre this process until the lines stand out clearly, then take 
the paper from the dish and dry it. The press is a solid frame with a 
hinged glass lid. 

Military Department No. 1681F. of 25<7i June, 1898. 
APPENDIX C. 

Specification of Wr ought-iron work of 
Bridges, Trusses, &c. 

1. Materials. — The wrought-iron is to be well and cleanly rolled to 
the full sections shown on the drawing or in the specification, and free from 
scales, blisters, laminations, cracked edges, and defects of every sort, and 
the name of the maker is to be rolled or stamped on every piece. 

2. It must be of such strength and quality as to be equal to the 
following tensional strains, and to indicate the following percentages 
of contraction of the tested area at the point of fracture, and percentages of 
elongation : — 



Tensional 
stresses 
per square 
inch. 

Percentaeo 
of contrac- 
tion of 
fractured 
area. 

Percentages 
of elonga- 
tions in a 
length of 

10 inches. 


Tons. 

1 


Round and square bars and flat bars under G 
inches wide. 

24 

20 

IB 

Angle, T, or other bars, and flat bars 6 inches 
wide and upwards, ... ... 

22 

IB 

12 

Plates, 

21 

10 

8 

Plates across grain. 

18 

6 

4 


The rivet iron must be of such a quality that any rivet will stand the 
following tests without showing signs of failure : — 

Bending double upon itself whilst cold. 

Bending double upon itself whilst red hot. 

The shank being nicked whilst cold and bent double, showing the 
fibre of the iron to be of good quality. 


1 
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(I'Mvn tfi.‘ ficrul wliil~f r.-d hot until its dininctcr is equal 
t<t fi[(i''' that of (h<‘ shaiiic, withuuf showiiic; any signs of 
rrarhtii;,' at (fut fihrrs. 

ruiH'hiiii: throturh llu' shnulc wlioii at n reel heat, with n taper 
putu’ii, n round ludo the tlinnie(.<r of the rivet, without sliowing 
sign'; of eriiehini' or splitting. 

’1 h” t»'st‘^ ftve to ii" coiuliu'lod nt tin’ worhs of the contractor or elsewhere, 
or I'-ith, as may he (h'tormini'd hy the Inspecting otllcor. The expense of 
th* t--sts is to he Ivorii'^ as provided for in tiic conditions of contract, 

iXo material is to he used v.hieh. in the opinion of the Inspecting ofllcer, 
falls short of th" t<'sts aiul otla-r requirements of the specification, and no 
inm except of British or Iiulinn mnuufncturo is to he used throughout the 
contract. 

Firms tendering are required to submit with their lenders the names 
of the manufacturers, and the market name of the iron they propose to 
tlSc. 

J!. Manufaetttro.- — It is to he oxpres.sly understood that the greatest 
neouracy is to he observed in every )inrt of the work, a main object of the 
designs being to facilitate ns much ns possildc the erection of the work hy 
perfection of workmanship. All corresponding parts of all spans or trusses 
must be made exactly .similar and interchangeable. 

•}, All plates and bars must be rolled to tlie full sections, and the angle, 
T. olinniiol, or other bars to the full widths and weights per foot, shonm on 
the drnwing.s. All bars wliich do not liold their fnll widths and weights 
from end to end. or wlueh have rough, jagged, or imperfect edges, or ends, 
u'ill be rejected. 

0. All plates, flat bars, and angle, T, channel, or other bars must be 
carefully levelled and straightened (tlie angle, T, chnimel, or other bars by 
pressure and not by Imnimcring) before and after they are punched or 
drilled. All edges of all jilntcs, and the ends of all angle-irons and bars, 
must bo planed dead true to the dimensions, or, where planing is impossible, 
tiioy must bo dressed ofT fair witli hammer, chisel, and file. No rough edges 
fresh from the shears will Ijc jjcnnitted anywlicrc throughout the work. 

(!. All rivet Jiolcs to ho filled in the field arc to be driUed. 

All other rivet holes may be cither drilled or punched, nt the option of 
the contractor, but any plate or bar in which the holes are not nccirrntely 
in place will be rejected. Tlio holes througli which any one rivet passes 
must correspond in any number of plates or bars. 
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Although the word “ rivets ” uinj' be used on the drawings, the rivet holes 
are to be made the sizes figm-ed, and in no case must the diameter of the 
rivet be more than -^inch less than the diameter of the hole it has to fill. 
All loose rivets, and rivets with cracked, badly formed, or deficient heads, 
must be cut out and replaced by others. Rivets must also be cut out when 
requh’ed for the examination of the work. All work intended to be rivet- 
ted or bolted together must be absolutely in contact all over the whole 
surface. 

All rivets, unless otherwise specified, are to be cup-headed at each end, 
and the heads are to contain not less than diameters of the rivet. 

Whenever necessary for the division of the work for transport, the 
rivets are to be left out, but the holes in all cases must be drilled ready 
for rivetting, and all the requisite rivets, including the spare rivets, must 
be sent with the u'onwork. 

7. In all cover irlates, except in webs of plate girders, the fibre of the 
iron must run in the direction of the length of the span. 

All plates must be shaped to the full sizes shown on the drawings, and 
any plate in which the rivet holes have been drilled nearer to the edge than 
shown on the drawings will bo rejected. 

Where cover plates are used to connect plates of different thicknesses, so 
much of the covers must be planed down ns will make them fit fairly over 
the joint, no packing plates being allowed. The figured dimensions on the 
drawings show the different thicknesses after the cover jdates have been 
planed down. 

8. The main girders of all spans above 20 feet are to be built with a 
camber in the arc of a cncle, the upper members being proportionately 
longer than the lower. The extent of the camber is in each case figured 
on the di’awing. 

The ends of all plates, &c., must be chipped and filed so as to butt with 
perfect accuracy over the whole of the meeting surfaces to the true radius 
necessary for the specified camber, and any joint which fails to form a per- 
fect butt all over will involve the rejection of the length or lengths of the 
members which cannot be made to fit without being shortened. 

Girders of 20 feet span and under are to be without camber. 

9. The underside of the bearing plates of all main girders must be 
perfectly level and the rivets countersunk. 

All bed plates are to be absolutely flat, and the guiding edges planed 
and truly parallel. 
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JO. All fir<> to pcrtnvod to Whitworth’s stnndnrd thread, nnd 
nil n.its Jiuist fit too tiglitly to l)e turned l)y hand. The licads nnd nuts 
for nil timber bolls (except where. •)thor\viso siiowji on the drawings) nnd 
service bolts are to bo scpinre ; for other bolts they nrc to bo lie.xngonal. 

1 ho ho.id nnd Ijods of nil Imlts nro to ho forged out of one piece of 
rod or b.ir iron. All Iwits nro to l)e screwed for n length of three din- 
inetcrs. 

11. Completion of Work and Erection— All the spans arc to 
he tetnpornrily erected complete, so thnt nccurncy of fit nnd perfection of 
workmanship may be assured. 

As tlic worlc is erected, all the holes wliich arc left to be rivetted in the 
field tuust he filled nt one nnd the snjnc lime l>y temporary bolts, T^jj-inch 
lc.ss in diameter than tlio boles winch they fill, firmly screwed or kc 3 'cd up. 
It will not be suiliciont that IkjIIs shall be placed in n certain number of 
holes onlj’ at n tiino, nor will it be suflicient thnt only such a number of 
bolts shall he inserted ns mny temporarily hold the span together. 

12. Painting, Marking, «S:c — TI jc whole of the ironwork, with the 
oxcoptiou of the bolts and rivets, is to be scraped perfectly free from rust, 
scales, and dirt, and lhci\ brushed all over with boiling hot linseed oil. It 
is afterwards to bo painted with two coats of good oil paint, the first being 
of red lead and the .second of Homan ochre, or other colours to be specially 
approved by the Inspecting oflicor. Wherever plates or bars are to bo 
rivetted together, the surfaces that will be in contact arc to be tlioroughly 
cleaned immedintoly before plating, nnd one of them is to be covered with 
a good coat of red lend paint. 

One end of every case is to be painted the same colour ns the span for 
which its contents are intended. 

The bolts (including the sor\*icc bolts) nnd rivets nrc to be heated to the 
temperature of molted lead, and then dipped into boiled linseed oil. 

lo. Evorj' portion of every span is to be very distinctly stencilled with 
paint and marked with the punch for guidance in erection, and eveiy piece 
or bundle of iron is to be similarly marked, nnd every packing case brand- 
ed, with such n}nr]vs as the Inspecting officer mny require. 

All parts of the work nro to bo stamped with the letters “ I. S. E. or 
such other letters ns may bo ordered. 

A neat casting bearing the name of the manufacturer, with place and 
date of manufacture, is to be bolted conspicuously on every span of main 
girders, and on every truss. 
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Specification of Steel work for Bridges, 

Trusses, &c. 

1. Materials.— The steel is to be well and cleanly rolled to the full 
sections shown on the drawings or named in the specification, and free from 
scales, blisters, laminations, cracked edges, and defects of every sort, and 
the name of the maker, and the distinguishing number of the plate or bar, 
are to be rolled or stamped on every piece. The names of the makers from 
whom it is proposed to obtain the steel, are to be submitted for approval 
to the Inspecting ofiScer. 

2. The steel must be of such strength and quality as to be equal to the 
following tensional stresses, and to indicate the following percentages of 
elongation : — 





Tcnsionnl 
6trc£5cs per 
square inch. 

Percentages 
of elongation 
in a length of 
10 inches. 




Tons, 


Steel in plates, either -with or across the grain, and in angle 
or other bars, not less than ... ... ... 

Or more than ... ... ... ... 

27 

31 

1 20 

Steel rods for rivets and bolts not less than 

Or more than 

t* • 


26 

28 

to 


3. Strips of steel, whether cut lengthwise or crosswise, of any plate 
or bar heated to a low cherry red, and cooled in water at a temperature of 
82° Fahrenheit, must stand bending double round a curve of which the 
diameter is not more than three times the thickness of the piece tested. 
In addition to this, angle and other bars must stand the test known at 
Lloyd’s as the ram’s horn test. 

4. All rivets and bolts are to be of steel, and the steel used for them 
must be ingot steel of a special quality, and the rivets and bolts must stand 
bending double, both hot and cold, and also flattening down from the 
head, without showing cracks or other defects. 

Side and end shearings must be taken as samples from every plate and 
flat bar and from as many angle, T, channel, and other bars as the In- 
specting officer shall require. At least 20 per cent, of the samples so 
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wii! (h* for /iml th<; tvjiolo of tlhim for ()cncl- 

iiif: in tfio timnncr (Ic^crilnni «l>ovo ; Imt it i< to l.o di.stinctly niulorstood 
fhn( {ir,<v<‘r N iv-rrvod to I-.-;! ovorv jdnto niid Imr for icm'jh; stmig-th if 
tli'f ofiu-.T tliiiiK-fl fit; id.so ihut stic)i jjoner will be exercised 

in tlio ovcnl of (Ioto In'in.v in liis opinion nny indiention that the nmtorinl 
-•'iJjtfshVd is not eqntd in every rospeet to the rcqnirciuents or intentions 
of flic spivilication. l'’«tr tiiis piirpose encli snnijtlo nnist bear a number 
stamped (o the sntisf(tcti<in of the hispectirm oflieer corresponding to the 
pkto or b;\r from wtiich it is taheii, and nil stnn])le.s must be kept until the 


romplolion of tliu eontrat?!. 

In addition to the above tests, sdinjdos of llic steel supplied for use will 
be from time to time chemioaily examined ; and should such examination 
show the presence of silicon, pbosphorns, or snlpbnr to a greater extent 
than O’Oit per cent, of any one of them, no forlljcr snp/dies of steel will 
be accepted from the nniker.sof the (md sample until the Inspecting officer 
is falisfied that in future sujijdics the jiercenlnges of silicon, phosphorus, 
and snlplmr will lie reduced so ns not to exceed the mnxinmm limit. 

The above tests are to be conductod at the works of the contractor or 
elsewhere, or both as may bo chderniincd by tlic Inspecting officer. The 
expense of the tests and analysis is to be borne ns provided for in the con- 
ditions of contract. 

No plate or bar is to be annealed or otherwise mnnipulnted after leaving 
the rolls without the special authority of tlic Insjiecting officer and bis 
aiiproval of the process employed, and when annealing is permitted, the 
test pieces arc not to he cut off till the nnnenliug is completed. 

No material is to lie used which, i» the opinion of the Inspecting 
officer, falls short of the tests and other reqairemeuts of the specification. 

Firms tendering arc required to submit with their tender the names of 
the makers from whom they propose to obtain the steel, and the character 
of the steel to be employed, i.c., whether Bessemer acid or Open Hearth 
acid. I'ho latter is preferred. Basic steel rvill not bo accepted for girder 
or roof work. In tlio event of the acceptance of their tender, it will he 
upon the undcrstaudiug that the steel will actually be obtained from such 
firms, unless written permission be giA'cn to the contrary. 

5. Mamifacture.— All plates and bars must be c.arefully levelled 
and straightened ('iy pressure and not by hammering) before and after 
they arc punched or drilled. Every sheared edge, whether of a plate or 
,baT, must have at least ^th of an inch taken off it by machine or by the 
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chisel, and any plate or bar too small to leave ^th of an inch for planing 
or chipping on every sheared edge will be rejected. 

6. All holes are to be di'illed, but the contractor may, if ho think pro- 
per, first punch a smaller hole of such diameter in each case as to leave 
at least ^tli inch of material all round to be subsequently drilled out ; thus 
the punched hole intended to he enlarged to |-inch must not exceed at 
the largest end ^-inch in diameter. When punched holes are thus drilled 
out, the i)unching must be so accurate that when the work is put together 
before drilling, a rivet, ■j^j-inch less in diameter than the size of the 
punched hole, can he easily passed through all the holes. All bmTS left 
by the drill are to he completely removed. All punched holes are to bo 
marked off with a centre punch, and punched with a nipple punch. 

All rivetting is to be done by hydraulic, steam, or other machines of 
approved constniction, and all rivet heads are to project through the holes 
before closing not less than If diameters for those elosed at the works, 
and diameters for those to be closed in the field, a further and suflQcient 
allowance for filling the hole being also made when the rivet passes 
through more than two plates or bars. 

Except when this specification differs from that for lurought-iron tvork 
the latter is to be folloioed. 


General Specification for Cast-iron, 

1. The cast-iron used is to be a mixtui’e of soft grey iron. A propor- 
tion. of scrap ai^proved by the Inspecting officer may be used, and no pig 
iron except of British or Indian manufacture is to be used in any part of 
the contract. Firms tendering are required to submit with their tenders 
the names of the manufacturers and the market name of the pig iron 
which they propose to use. 

2. The contractor must cast twice each day from the same metal from 
wliiclv the articles are cast (a) two bars 2" x 1" X 3' 6" long, cast with 
the broader side uppermost, and (b) two bars exactly 1 inch square in 
the middle for a length of inches, with ends of suitable shape for 
holding in a testing machine. 

One of the bars (a) must be tested on edge on bearings 3 feet apart, 
and it must bear a weight of 30 cwt. in the centre without breaking, and 
must give a deflection of at least 0*3 inch. One of the bars (b ) is to be 
tested in a suitable machine, to be approved by the Inspecting officer, to 



( 65 ) 

for either sleepers cr chairs, the in^inatiou of the rail must uot varv fvc'm 
that prescribed bj more than ^ per cent., that is if the prescribed inclina- 
tion be 1 in 20, or 5 per cent., it must not be less than 4^ nor exceed oX 
per cent. In the case of pipes or columns, the core must not at anv part 
exceed -j-^^th of an inch out of centre. 

8. Cast-iron sleepers or chairs will bo subjected to a drop test as fol- 
lows. A piece of rail, IS inches long, is to bo keyed up in the sleeper w 
chair, the chair will be secured to a sleeper, S foot long, 10 inches wide and 
5 inches deep, of either teak, sal, or deodar ; tho castriron sleeper, or the 
timber sleeper and chair, with the rail fixed in it, will then bo laid on a bed 
of sand, 2 feet thick, supporting tho sleeper evenly all over, and laid on a 
cast-iron bed plate, 8 inches thick. When in position tho rail will be 
struck by a monkey weighing 420 lbs. falling from a height commencing at. 
2 feet and rising by successive increments of 1 foot uj) to 7 feel, and 
whenever any chair or sleeper does not bear these blown witliont oriuiking 
or showing other signs of failure, all the sleepers or chairs cast on tho same 
day will be rejected. 

When not less than one per cent, of the total number are tested in this 
manner, the test prescribed in paragraph 2 mag be dispensed with, 

Pipes or columns are to be tested up to a pressure of 200 lbs. pnr 
square inch, and whilst under pressure arc to be thoroughly sonnded with 
a hammer suitably proportioned to their strength, and should any leakage 
occur they will be rejected. 

When pipes hare turned and bored or faced joints, a few lengtlis are I/) 
be put together and tested under the above pressure. 




PART II. 


WATER-SUPPLY. 



WATER-SUPPLY. 


1. General remarks or preliminary arrangements.— Water is 

laid on to Indian Cantonments in one of the following ways : 

(a) . The Cantonment has a share of the adjacent Municipal sup- 

ply, sometimes being a partner in the same, at others 
merely paying a water-rate for the quantity consumed. 

(b) . The Cantonment has its own supply quite separate from the 

Municipality. 

(c) . The Cantonment has its own supply in which, however, the 

Municipality has a share, sometimes as a partner, at 
others by paying a water-rate. 

2. The agreement between the Cantonment and Municipality always 
involves a lengthy discussion, and is finally ratified with the sanction of 


Page 68. Add 
The supply of v 
the expense of Mili 
allowances for the 
not entitled to a ft 


In the plains 


In the hills, 

For the desig 
Engineer " throi 
Engineer ” and 
“ Eivision.” 


IS Known aooui tne yieiu or wells in 


!e of supply in the plains 
in the bed of a river or 
generally pumped from 
lantonment distribution 
iply is taken by gravity 
1 it is pumped into the 
of any Idnd is required. 
' always collected from 
run by gravity into a 

on the number of wells 
into trial wells sunk at 
the driest time of the 
:> the lowest known level 
[uisite number of wells 
generally in one or two 
little that is authentic 
aitterent soils. Experience has, 


however, shown that under the steady drain caused by the supply on the 
under-ground basin forming its source, the water level at the head-works 
gradually falls, and the supply eventually obtained is far short of that 
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anticipated, from the results of the experiments originally made to as- 
certain the inflow at the wells. For instance after the Umballa City 
Works had been working for six months, it was found that tlie actual 
yield was only 195 gallons per minute instead of 800 gallons ns expected, 
showing a falling o5 of ^rd in a few months. 

It is evident, therefore, that the probable permanent yield of wells 
forming the head-works must always be a subject for prolonged and 
anxious consideration, as on its correct solution the success of the supply 
will mainly depend. 

6. Springs in kills. — In the hills this difflculty is of much less im- 
portance. The supply from springs is fairly uniform year by year. 

Here the chief cause of anxiety is the lowness of the springs during 
the hottest and driest time of the year before the rains break, when the 
station is usually at its fullest ; another trouble is the tendency of hill 
stations to gradually extend, thus rendering it necessary to take in more 
springs at the head. The state of the supply at the driest season of the 
driest year and the power of gradually increasing it, if necessary, are 
therefore the chief points to be considered in deciding on the yield of a 
hill Water-supply. 

7. The supply from a spring in a hill station should bo collected, if 
possible, at the point where it leaves the hillside, or as near this point as 
convenient, in a small masonry tank, a design for which is shown in Plate 
-LXXXI. 

8. Besides the yield, the purity of the water has to be ascertained 
hefore further action can bo taken. This is done by both chemical and 
bacteriological examination. Rules for collecting water for this examina- 
'tion are given at 'the end of this chapter, see pages 86 and 87. 

9. Mains. — The mains of a water-supply should bo of cast-iron coated 
With Dr. Angus Smith’s composition ; the masonry conduits of old supply 
systems are never likely to be repeated. No cast-iron pipe of less than 8 
inches in diameter should be used, all smaller pipes should bo galvanised 
wrought-iron. Turned and bored pipes are preferable when the pipe lino In 
straight, and the ground admits of it, because they are cheaper and oasior 
to lay. Where these pipes are used, local conditions will determine Iho 
proportion of pipes required with the ordinary wide socket for lead joints, 
In mains it is usually 20 per cent, rising to 35 per cent, in distril)ution sys- 
tems with numerous connections, winding streets, &c. In the hills whej's 
sharp curves are frequent, spigot and kocket pipes are almost esse)) I is), 
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When pipes are 9 inches in diameter and upwards, wrought-iron rings 
shrunk on to the spigot ends of both plain and turned and'bored pipes tend 
greatly to preserve them from breakage dm-ing transit. In laying plain 
pipes, these rings can be retained in position. 

10. Filtsrs. In hill supplies filtration is rarely necessary, but it is 
frequently required in the plains. The Pasteur system of filters is now 
being experimented on in some places in India, but its success in Canton- 
ments seems very uncertain. The following is the system of filtration 
adopted at Calcutta where the water is pumped from the Hooghly above 
Barraclqiore direct into the filter beds : — 

(a). The first or lowest layer of filtering material deposited on 
the bottom of the filter consists of a layer of well-washed, 
clean gravel or shingle, of the uniform size of nuts or 
beans ; this layer is 6 inches thick at centre and 3 inches ' 
thick at sides of tank, its surface being carefully raked 
to a regular incline. 

(5). The second layer consists of well-washed, clean gravel or 
shingle, of the uniform size of peas to be in a like manner 
deposited to a depth of 6 inches at the centre, and 8 inches- 
at the side of filter. 

(c) . The third layer is composed of well-washed, clean, medium- 

sized sand, intermixed with an equal bulk of clean and 
well- washed shells ; the thickness of this composite layer- 
to be uniformly 9 inches over the whole filter bed. 

(d) . The fourth layer is 10 inches thick, and consists of well- 

washed sand. 

(g). The fifth and top layer consists of a layer of clean and well- 
washed sand 12 inches thick, laid perfectly smooth and level. 

11. Rate of filtration.— The rate of filtration should be regulated 
to half a cubic foot per hour per square foot of filtering surface ; with a 
filtering bed about 5 feet thick this is obtained with a head of 1 to 3 feet 
depending on the state of freshness of the filtering material. 

12. Reservoirs. — Reservoirs may be of masonry or of iron or steel. 
The former are liable to crack and be damaged by earthquakes, the latter 
to rust. The kind to be adopted must be decided by balancing the relative 
cost and liability to damage in each case, but circular iron or steel tanks- are 

very convenient reservoirs when not too costly. 

13. Both pumping and storage reservoirs should be divided into at 
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least tuvo compai’tments of nearly equal size, to enable them to be cleaned 
and repaired periodically •without rrnduly interfering •with the supply. The 
neglect of this very obvious precaution has, in some supplies, caused great 
inconvenience and •waste of water. 

14. Pumping macMnery. — The pumping machinery should be of 
sufficient size to deliver the whole supply in eight hours at the ordinary 
rate of working ; all engines, boilers, &c., should be in duplicate so that 
one set of machinery can be always at work whilst the other is being 
cleaned or under repair. 

The "Worthington type of pumping machinery is now largely used for 
installations where the suction lift is small. For pumping from deep wells 
a Beam engine is usually employed. Direct acting engines are, however, 
cheaper all round, require smaller buildings, and need fewer repairs and 
less attention than the rotary engines. 

For purposes of estimating, the cost of the pumping machinery may bo 
taken at £50 per horse-power. 

15. Stand-posts. — Under orders of Dhector-General Military Works, 
No. 2372B of 2nd August, 1894, the stand-posts manufactiired by the 
Glenfield Co. of Kilmarnock are to be estimated for in preparing w.ater- 
supply schemes. Each stand-post should be provided with a sluice valve, 
which must be fixed near the stand-post. Stand-posts should be built 
on a masom^y platform about 9 feet long by 7 feet wide, if space permits ; a 
mussack or ghurrah stands of suitable jjattern should be provided under 
the tap. The platform should have a good slope to carry all wastage into 
a convenient drain. 

16. Drainage- — No water-supply system is complete without an effi- 
cient drainage scheme ; pro^vision should be made for spillage, &c., from 
stand-posts being carried off by road side drains. Scour pipes should 
preferably be carried into some large main drain. Drains from stand- 
posts are often carried into gardens, but this system is not recommended 
as it often leads to a great waste of water. 

17. Indents Home and Projects — The metal materials for water 
supplies are demanded from the Secretary of State for India. Printed 
instructions for guidance in the preparation of indents were circulated 
with Director-General Military Works, No. 1409B., dated 8th May, 1897. 

These instructions give great assistance regarding details of fitting, &c. 
In preparing indents it is desirable to ask for all specials, valves, stand- 
posts, and fittings, &c., to be supplied with the earliest shipment of the 
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pipes. In hill supplies, before these indents cnn be prepared, it is neces- 
sary to have an accurate survey of the pipe line, showing all bends, &c. 
This should bo got out on a scale of 20 feet to 1 inch. To enable this to 
be done it is generally necessary to cut out the path for the pipe line along 
the hillside. This work usually forms a preliminary project. 

18. Calculations.— The formuli? and tables to bo used in calculations 
for water-supply systems arc given on pages 97-98 under the heading 
*' Calculations. ” 

19. Preliminary preparations. — In beginning to lay an extensive 
length of main pipes, considerable delay, and consequent loss, is often ex- 
perienced owing to a want of foresight in providing beforehand the neces- 
sary men, tools, and material required. The following is an enumeration 
of what it is necessary to provide, varying according to the peculiarities of 
the District and the extent of the work to be done : — 

One or two skilled pipe-layers. 

A number of labourers prodded with picks, shovels, and phowr^s. 

A night watchman. 

A supply of picks, pick-handles, and wedges to replace broken ones. 

A shear-legs or tripod, if the mains are of large diameter. 

Blocks, tackle, and ropes or chain and slings. 

Eight hand spikes for moving the pipes. 

Four pieces of 8- or 4-inch piping for rolling the pipes in the trench. 

Four long iron bars and two short ones. 

Red and white lead paint : if tiumed and bored joints, cotton-waste 
and cleaning material. 

A supply of spun yarn and pig lead. 

Two oak blocks, strengthened with hoops to lay against the pipe 
sockets when driving. 

Wooden plugs for the various sizes of pipes. 

A lead pot and two ladles. 

Chisels and caulking tools. 

A small pair of bellows. 

Two large hammers and three small ones. 

Stock and dies, gas thread, for screwing branches. 

Portable bench with vice. 

Tube vice and tongs of sizes. 

Tube cutters of sizes with spare cutting wheels. 

Spirit level and a 12-foot straight-edge. 
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Two, or more, lanterns for lighting the trench at night. 

A supply of rammers. 

Some trestles or bamboos for guarding the open trench at night 
time or on the road crossings. 

Planks and small pieces of timber for shoring the trench or for 
covering portions temporarily. 

20. The centre line of every trench will be marked out by the Executive 
Engineer, or one of his assistants, and the contractor must carefully 
conform thereto in its excavation. In wet porous soil, and where the 
excavations are deeper than 7 feet, the sides of the trench must be prop- 
erly shored up. The alignment of pipe trenches must be kept as 
straight and regular as possible. 

21. On arrival at site, the pipes are to bo “ lined up ” as near as 
circumstances permit to the alignment of trench they are to occupy. The 
pipes are to be unloaded from the carts with ends touching, sockets in all 
cases facing the direction from which the water will eventually flow, every 
twentieth pipe being duplicated to allow for joints, &c. At road crossings, 
&c., the number of pipes required will be ranged conveniently, half on 
either side of the space to be crossed. In the case of pipes less than 4 
inches diameter they may be placed at suitable intervals in small stacks of 
not more than 25 pipes. 

22. Excavation of trench. — The bed of the trench will be evenly 
and truly dressed throughout from change of grade to change of grade, to 
obviate any subsequent rectification, by pacldng or filhng under the pipe. 
The “ spoil ” should be thrown out on the side of the trench opposite to 
that on which the pipes have been collected, and when road metal has to 
be removed and replaced, it should be separately deposited on one side 
of the trench, ready for subsequent re-use. All road crossings to be ex- 
cavated half at a time, the second half being commenced after the first 
has been refilled over pipes laid, and opened for traffic. 

23. In cases where blasting is necessary, the rock should be removed 
to a depth of at least 6 inches below formation level, and the bed of the 
trench made up with sand or thoroughly rammed earth before pipes are 
laid. In light or loamy soil the bottoms of trenches are to be well ram- 
med before pipe-laying is commenced. Any holes or unsound places met 
with during excavation are to be carefully cut out and refilled with sand or 
well consolidated soil before pipes are laid. 

24. In crossing marshy sites the grade can be preserved by sinking 


li 
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slal)3 of stone or slate vcrticnlly tlirougli the soft soil (if of no groat depth) 
to a tlrni foiiiKlation and adjusting their tops ns rcquii-cd, a concave notch 
forming n sent, for tlio pipe, 

25.^ The mitiitntttu deptli of trenches is to bo 2 foot 0 inches plus 
the diameter of the pipe to be laid ; the minimum widllis at top being 
as nndor : — 

For })i})es 3 to G inclies--tre))ch 18 inches n-ide, 

'* '» ^ to 10 ,, 21 ,, ,, 

H .. 12 to 20 „ „ 3G „ 

2G. Local oonditions will in all cases dclorminc the best relative rates 
of })rogress of excavating and pipe-laying gangs : as a general rule it 
slfonld bo sufficient for the former to Ifecj) from one to two full day’s worlc 
ahead of llie latter. 

27. When a trench is loft open at night n chowicidnr must be left in 
charge, and n good oil lain]) in a clean lantern, 2 )rcfcrably fm-nished with 
red 2)ane3, must be placed at each end and also at intervals of 50 feet 
along the trcncii. If necessary a bamboo fence must be put up to jJvevent 
danger to passengers. 

28. The bottom of the troncli should be carefully graded, grade pegs 
spaced 50 to 200 feet apart being phcecl along the pipe lino clear of the 
edge of the trench, with distinguishing marks at every point where the 
grade changes. The bottom of the trench will then be graded to a fixed 
vortical distance below tlicse pegs by mentis of pieces of bamboo, of length 
equal to ibis distance, and boning rods, which are given to coolies and 
mates respectively. The grading of the bottom of trenches must be 
carefully checked by the officer in charge of the work before pipe-laying 
is commenced. 

23. Pipe-laying in general, — All pipes are to be laid with sockets 
facing the direction from which water is to flow. Every pipe must be 
carefully sounded and examined before laying, for cracks or flaws that 
may so far have escaped detection. Each pipe must then be cleaned inter- 
nally, for which "imrpose old sacking fii’mly bound to the end of a long 
bamboo to form a mop may be used. Pipes of small diameter should be 
up-ended, and all dust, &c,, shaken out after the mop has been used- 
30. Cracked 2 )ipes are to be cut with diamond pointed steel chisels, 
the cut to be made at least 6 inches beyond the -vnsible extremity of the 
crack and on a line girdling the pipe at right angles to its longitu- 
dinal axis. 
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31. Work should generally be commenced at the extremity of the line 
fm-thest from the source of supply, or from a valve, branch, or special, 
forming a break in the lino, and in the case of leading distribution mains, 
from the absolute end if possible. This procedure lessens the number of 
subsequent connections, saves collars, and obviates unnecessary cutting of 
pipes. 

32. Lead required for jointing should always be supplied departmental- 
ly, otherwise, as it is an expensive item, contractors will starve the joints. 
It can be obtained from the arsenals, the lead of the snider bullet being 
very suitable. That of the modern bullet is too bard ; it can, however, be 
satisfactorily blended with blue virgin lead in any proportion found most 
desirable on trial. Load from Commissariat ton-cbosts can sometimes 
be obtained, it is very soft. 

33. The open end of the last pipe laid is to be securely dosed on 
ceasing work for the day with a strong wooden plug fitting the socket of 
the pipe, around which it is securely fastened with a chain attachment and 
padlock. 

34. Pipes in use. — The pipes in general use are : — 

(a). Cast-iron pipes plain, spigot and socket. 

(/;). Cast-iron pipes turned and bored. 

(c). Galvanised wrougbt-iron pipes with screw and socket joints, 
steam and water quality. 

((1). Mild steel pipes for very great beads. 

CasLiron pipes arc not very satisfactory for anything over 250 feet bead, 
for although the market pipe is usually tested to 300 feet, it is difficult to 
make a lead joint to work under this bead. 

The galvanised wrougbt-iron pipes snp])licd through the Sccrolary of 
State arc of such excellent quality that up to 2 inches in diameter they 
work safely under a bead of 1,000 feet. I’bosc supplied by Indian Firms 
can only be relied on for beads under 300 feet. 

Special galvanised wrougbt-iron pipes up to 4 inches diameter capable 
of working safely under a bead of 800 feet arc easily obtainable from 
England on indent. 

35., Laying cast-iron pipes with plain, spigot and socket 
joints. — The trench will be filled with a little soft earth free from 
stones, which will be shovelled in gradually, one heap being placed at the 
centre of each pipe. On these heaps the pipes are balanced, and they can 
then be easily' graded and lined by scraping the earth away either by hand 
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or with shovels. ^ For lowering the pipes into ordinary trenches ropes are 
iicccs9.nry for 7-inch to 20'inch diameters ; for larger sizes tackle is re- 
quired. 

SG. The spigot end of the pipe to bo jointed is first truly centered in 
its socket, steel wedges being used for this purpose. The socket is then 
caulked with white spun yarn or gasket, of which sufficient laps must be 
given to leave, after the yarn lias been evenly and solidly packed to the 
shoulder of the socket with the j*nrning iron, the correct depth specified 

for the lend, from the face of the socket. This depth is to be 

For pipes 2^ to 4 inch, ... ... ... i inch. 

n n G f, ... ... ... 

U >1 G »» ••• ... ,, 

j» ,, 14 to 18 ,, ... ... ,,, 

,) I, 20 to 24 ,, ... ... ... 2 ,, 

TJio laps of yarn used, which will never be less than three, must be all 
rather longer than the circumference of the socket, no make-up pieces are to 
bo allowed. The laps are to be twisted into a rope of uniform tliickness, 
and cauUced in that form into the socket. 

87. The pipes arc then to be again carefully graded and the slope of 
each pipe tested with a hand level. TJic pipes which arc now ready for 
leading are each supported in the centre for about two-thirds of their 
length on a flattened mound of earth, while at each joint is a small pit 
which is required for loading and caulking. 

38. To lead the joints, first clear them of eai'th and pebbles. Then 
make a wrapper of spun yarn worked up with clay having the consistency 
of putty. This should be about 3 inches wide and |-inch thick and 4 
inches longer than the diameter of the joint. Wrap this round the joint 
with the overlap on top, and make a hole in it to admit of the molten 
lead being poured in. This must be thoroughly liquid, and the ladle for 
pouring it into the joint should hold a little more than is required for 
one joint. The filling should be one operation and the lead should be 
poured in quickly. Then strip the wrapper o2 and use it in the next joint 
and so on. 

39. When a section of a few hundred feet is leaded, the caullving 
should be put in hand. Each gang of caulkers should consist of at least 
four blacksmiths, and for large diameters the numbers should be increased. 
One of these must be a good smith. Place the men in line, the worst man 
in front, and let them proceed to caulk a joint each lyith a caulking iron 
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and blaclcsmith’s hammer. Every 15 minutes move the gang on one 
joint, thus each joint receives an hour’s caulldng, and is -worked on by all 
four smiths. The lower portion of the joint requires especial attention and 
supervision. 

40. Should it be necessary to work quickly, many sections can be laid 
at the same time. Where their ends meet they may be joined by a sleeve 
joint, or by simply cutting the final pipe to length, when the spigot may 
be slipped into its socket by lifting one or two of the pipes laid kucha, 
on either side of the last joint to be laid. 

41. Laying cast-iron pipes •V7itli turned and bored joints 

The first layer of soft earth should be completely filled in and rammed in. 
stony rocky soil before placing the pipes in the trench, which must be quite 
free from windings. The turned fillet at spigot end and surface of the 
turned ring -within the socket of each pipe arc to be thoroughly cleaned and 
polished. This can be satisfactorily done by coolies using soft brick, sand, 
old sacldng, and buckets of water. The surfaces so polished are then to 
be thoroughly washed, and the spigot end and socket ring are again wiped 
round -with a clean wet cloth at the moment of inserting the former into 
the latter. 

42. After the first pipe has been placed in position, the second is 
lowered and the spigot is carefully guided into the socket of the first by 
the ganger in the trench, who at the same time adjusts the pipe as regards 
alignment and grade. The next pipe is tlien brought up and used as a 
ram,^ to drive the preceding pipe home, being swung on a rope sling by 
coolies, standing in equal rows on cither side of the trench. These men 
lean forward head to shoulder and lift and swing together. The ram is 
guided by a second man in the trench who grasps the socket end, and 
assists in keeping the pupe straight and so delivering the blows fairly and 
evenly. The ganger meanwhile sits astride the last socket and closely 
watches and directs the driving home of the spigot therein. 

This operation must be carried out with great care, particnlarly with 
pipes of small calibre, the sockets of which are apt to spirt if the driving 
home be over done, about four or five blows of the ram are generally suffi- 
cient for pjipes up^ to 10 inches diameter. For those from 10 to 20 inches 
(beyond which T and B pup^es are now rarely used) a pipe ox 10 to 12 
inches diameter makes an efficient ram. The use of a wooden huxter to 


Tea rarr. fa f.asiatlr.'.ss cjarl by taal.'r.? a and f^arda cn railed 


trsach tc'tte 
fc? rai:. 


It fa lo-iiA h&werer, that pr&gre® fa less tj aO percent .to- a. 



( 78 ) 


dondcn tlic blow is pcnernlly nclvocntcd. Tlicsc blocks break up rapidly 
and U'ilh skilled pipe-layers (hey arc not necessary, 

'18, No external joint of any kind wlintsoovcr will be given to turned 
and bored pipes, but at points dilTicnlt of snbsecpient access, such as under 
railway.s drains, ito,, the joints should be leaded ns an additional pre- 
caution. 

'M, In laying long longtlis of turned and bored maius, lead joints 
.should be given at intervals of about 100 yards, to allow for expansion and 
contraction. If plain pipes be not avni!ni)le, a turned spigot may be cut 
o(T at each point for this purpose. The laying of turned and bored pipes 
reversely, /,c., driving sockets on to spigots is prohibited. 

df). Laying galvanised wrought-iron pipes with screw and 
socket joints — All ])iping wlien below ground will be laid at a mini- 
mum depth of IS inches l)cIow the surface. All screwed connections to 
be taper-threaded, and the use of red or white lead, or any composition of 
any kind Avhatsocver in making joints is to be discouraged. No undulations 
arc permitted, the juping must I)c truly laid to a grade either rising or fall- 
ing, or dead level ns may l)c ordered. In fixing tecs, branches, &c., care 
must bo taken tlint on no account is a branch pipe permitted to encroach, 
hy projecting upon the waterway of the pipe from which it springs, 

40. In ordinary pipe lines hardly any bends arc required, and the pipe 
treueb should l)c cut winding throughout except in eases whore quick bends 
arc required. The pijies when laid spring into quite sharp curves without 
any damage, and a good 14- foot steam-quality pipe can be bent in its 
length Iiy means of crowbars to take a cliangc of direction of 45®. This 
slionld not lie attempted at joints or screw threads may part. 

47. The joint is made by screwing the end of tlio pipe to be laid into 
the socket of the pipe last laid. To do this use four pipe tongs, two on 
each pipe worked in opposite directions: care must be taken to .prevent 
t.hc iiipc. already laid turning during the operation or tee pipes will get out 
of level. The end of the pipe last laid is supported above ground by a 
crowbar laid across the trench, thus facilitating the use of the tongs. 

48. In the hills the pipes should be laid winding in the trench to allow 
for contraction when the cold water is run in. For the same reason the pipe 
on the inside of a curve should not bear against the rock aide of the trench. 

49. Sections of piping may be joined by a screw collar or coupling, 
which is nm up the end of one pipe, and on the other being brought oppo- 
site, down the end of this pipe until it grasps both equally. 
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50. When the piping is more than 2 inches in diameter it cannot 
be bent to any great extent and it must be laid in the bottom of the 
trench. 

51. Laying mild steel pipes. — For great heads and large diameters 
mild steel tubes are used. They are lap-welded and have special joints. 

At Murree, steel rings carefully turned, were shrunk on to the ends 
'of the pipes, one end being tongued and the other grooved. A rubber 
washer was placed in the groove and the tongue of the next pipe was 
then fitted into it, and heavy cast-iron collars fixed behind the steel 
rings. The joint was then secured by screwing up six cross bolts passing 
through holes in the cast-iron collars. 

52. To provide for contraction and expansion, sleeves made from 
locomotive buffer tubes were placed over the ends of tubes after the steel 
rings had been removed. A deep lead filling was run in and caulked. To 
prevent this blowing out, segments of steel were placed round the tubes, 
bearing against the lead at the ends of the sleeve, Over these segments 
the ordinary cast-iron collars were placed and drawn together by the longi- 
tudinal bolts' until the segments pressed firmly against the lead at either 
end of the sleeve. This joint worked well under a head of 1,400 feet. 
The idea was that contraction and expansion took place by the steel 
tubes sliding in the lead jackets. 

53. Testing and filling in— General. — When the joints have been 
completed turn on the water and test them. This may be done by closing 
cross sluice valves and thus producing rams. This should be continued in 
each section for two days. Any leaking joints should be made good by 
leading and extra caulking. 

54. After the pipes have been tested, the trenches are to be filled in 
with earth laid in 6-inch layers watered and carefully rammed, preferably 
with wooden rammers. Street metalling is to be restored and the sur- 
face neatly dressed to a proper level. All extra earth and rubbish to be 
removed forthwith by the contractor on the completion of the filling in of 
each trench. Great care must be taken that the space underneath the 
pipes is properly filled in and that the sockets are adequately supported. 
Any sinkage from defective laying within three months of completion will 
be made good by the contractor at his own expense. 

55. Joints in fianged pipes. — In laying these, the faces of flanges 
or raised strips as the case may be must be first thoroughly cleaned, and in 
bolting irp after the specified “ insertion ” has been placed in position, care 
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must be tnlccn (o (igliton the flnngc bolls gmdunlly and evenly all round. 
Wlicn nnsliers of rubber or other nintcrinl are used, they must be held in 
position by loops of thin twine through the bolt holes before the flanges 
arc brought together, care being taken that the washer is not allowed to 
encroach in the least on the bore of the pipe. Chalk nibbed upon the 
faced strips of a flanged joint before inserting the washer facilitates subse- 
quent removal, l>y preventing the latter from adhering to the metal faces. 
Leaks througli bolt holes of flanged joints can ho slopped by the insertion 
of lend washers under the head or nut of bolt, ns may be required. 

GG. Setting of valves, — Tlic covers and glands of all valves are to 
be removed, packing adjusted, spindles and gates examined, and the whole 
refitted in free and jicrfoct order, before being sent to site. In setting, 
the valve must be carefully adjusted as nearly vertical as possible in both 
directions, before the lend joints of the connecting tail pieces are made. 
The specification already given for flanged joints applies equally to those 
of all valves. 

57, Surface boxes over valves, — The top of the surface box should 
ns a rule be flush with the roadway. Cost-iron surface boxes of the ordi- 
nary small conical tj^pe will bo fixed ns follows : — The trench filling is first 
thoroughly consolidated up to the level of the lower flange of the valve 
cover, and upon this is built a small encircling half brick dry wall, upon 
which rests the base of tlie surface box, the depth of the brickwork 
being such as to bring the top of the siuface box level with the roadway. 
The packing and consolidation of the road metal round the box completes 
the operation. In the case of large valves on mains, to which access is 
considered desirable, jjits constructed of 2 )ucka masonry with cast-iron flap 
covers will be necessary. These pits should be sufficiently large to enable 
a man to work round the valve. 

58, Distribution system — For the distribution system within 
station limits where the mains, especially in the plains, generally follow 
well graded roads, it will be unnecessary in most cases to do more than 
lay the pipes in trenches of uniform depth, in accordance with those 
grades, talring care to insert an air valve at every summit where there 
is no stand-post to act as such. ■ Every case^of doubt or difficulty that 
presents itself will be settled on the spot with the level as work proceeds, 
and the grades of each day’s work are to be checked with the spirit 

level before the trenches are filled in. 

59, It is very necessary that as pipes, &c., are laid, their exact posi- 
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tions should be clearly shown weekly on the record plans. The nbsoiico of 
such plans in the older supply systems lias led to great inconvonionco at 
times. 

60. The following Table gives the weight of lend required for jointing 
cast-iron mains, on the nssumjition that up to 8 inches dininotcr fho load 
is |-inch thick, and beyond that l-inch thick. When however (ho reduc- 
ed depths, specified in para. .36, which arc sufficient up to heads of 300 
feet, are used, the weights will be proportionately loss. 


Diameter of 
the pipe in 
inches. 

Weight of 
lead in pounds. 

Depth of lead 
in inches. 

Diameter of 
the pipe In 
incliM. 

Weight of 
lend In pounds. 

DnpUi of lead 
In Inches. 

u 

H 

H 

11 

ICJ 

21 

2 

U 

4 

12 

18i 

2S 

2i 

2} 

U 

13 

21 

22 

3 

2J 

H 

14 

2P.i 

22 

4 

4 

i| 

ir, 

2C 


5 

5^ 

4- 

1C 

2Hh 

2i 

6 

7 

2 

17 

,31 

2^ 

7 

8| 

2 

18 

.02^ 

22 

8 

lOi 


10 

21 

22 

9 

m 

21 

20 

2r>i 

22 

10 

14^ 

21 

24 

48 

2 


61. Dr. Angus Smith’s Solution and method of applying it to 
pipes — ^Itis anything but easy to put on this solution at site of work, hut 
as it may have to be done at times, a description of the process to he 
followed is given below. The solution is an admixture of pitch and 
linseed o3. The pitch is made from coal tar distilled until the n.aph^ha 
is entirely removed and the material deodorised and until the pitch, is o: 
the consistency of wax, 5 or 6 per cent, ot linseed o:I may then he .added. 
Pitch which becomes hard and brittle when cold w;ii not answer ror th.-e 
purpose. 

62. Every pipe must be thoroughly dr-esseu a..d ..ecd i. .m .i.e .-Si.-. 

“liich clings to the iron in the moulds, hard nmsr.es uemg user: ;n finr-;;:ng 
to remove the loose dust. All rust must also he remo-id. If the pine cr. - 
r.Gt he dipped directly after being cie.aued tue snrtace o...;,-. 

linseed o3 to preseiwe it, untd it i5 ready t.> ce c-..,-'. — -• - yy ' . - ■. . . 
dipped after rust has set in. 

63. Pitch of the proper r.u.ality h-awng ..e 0 ^ 

;nl.y heamd in. a suitable ves.^el to .a temp*;..!-'.- 1 *' 1 ' 

uir.-.t be maintained at not I‘jss tuan 
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dipping. Tlic mntcrinl will thicken nnd deteriorate after a nirmber of pipes 
have been dipped, fresh 2 )ilch mnst therefore frequently be added, and 
occasionally the vessel must be entirely emptied of its old contents and 
refilled ^Yilh fresh ingredients. The refuse will be hard and brittle, like 
common pitch. 

G4. Every pipe must attain a temperature of 300° Fahrenheit before 
removal from the pan. When this temperature is reached it may then 
bo slowly taken out and laid upon sluds to dry. 

05. When coating turned nnd bored pipes the machined portions are 
coated with loam intermi.Ycd with water to form a jwste winch is allowed 
to dry before immersion, the loam breaks off when the pipe is cold. 

60. Cost of water in different supplies. — The following Table 
gives the cost of water per thousand gallons ns supplied to different Indian 
Cantonments where water-supply s 3 ’stcms have been completed : — 




Cost cj 



SlntloD. 

Interest on 

CnpUnl and 

Ueprcclntlon. 

Hate paid 
to Mniil* 
clpallty. 

Pnmphig 

espeafes. 

Otlicr 

working 

expenses. 

Total cost. 


Ks, A. P. 

PS. A. P. 

Es. A. P. 

Es. A. P. 

Es. A. P. 

Murree, 

10 0 

»•* 

• •• 

0 5 3 

15 9 

Kawnl Pindi, 

0 5 7 

• •• 

0 12 

0 0 7 

0 7 4 

Dftllionsio, 

0 7 3 



0 10 

0 8-3 

Cbiikrntn, 

1 12 11 



0 2 1 

1 16 0* 

Agra, 

0 2 0 

0 4 5 


0 0 7 

0 7 1 

Lucknow, 


0 4 6 


0 0 9 

0 "i 8 

Allabatad, 

0 4 2 

0 4 0 


0 0 6 

Fort William, 

0 3 3 

10 0 


0 10 

14 3 

Lebong. 

0 15 0 

0 6 0 


0 2 7 

17 7 

Jnbbulporo, 

Quetta, 

0 0 2 

0 17 

0 2 10 

... 

0 0 3 

0 0 4 

0 3 3 

0 1 11 

Karachi, 

Mbow, 

Sikandarabnd, 

0 13 

• « t 

0 3 9 

0 1 3 


0 0 6 

1 •• 

0 6 5 


67. The cost of maintenance varies considerably in different stations 


depending on : — 

(а) . Cost of fuel. 

(б) . Cost of Inborn- and materials. 

(c) . Length of line and number of taps. 

(d) . The construction and position of reservon-s. 

(e) . The age and description of the machinery. 

♦ Tho main ia InW for 160,000 gnlloua per diem, but only 26,000 gallons are used at present.. 
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68. For a period of two years after completion the whole line of main 
should be carefully patrolled daily by chowlddars, and any subsidence of the 
ground, signs of leakage, &e., at once reported ; after this period the main 
lines need not be inspected more than once a week. The whole area sup- 
plied by water should be divided into convenient divisions, each division 
being placed in charge of a chowkidar or “Inspector.” This man's 
duties are — 

To inspect every tap and line of main in his district daily. 

To excliange taps found defective. 

To see that stand-posts and platforms are kept clean. 

To open the scour valves periodically. 

To report breakages, or ill usage of taps and waste of water. 

To oil the valve spindles and to see that the valves are in worb’ng 


order. 

He should report to the office at least once daily. 

He should know the position of every valve in his district and to 
what extent the closing or ojjening of the valves affects the 
general distribution ; also how in case of fire to arrange the 
valves so that the whole supply of water can be directed to a 


certain locality. j- x • i 

69. Bv judicionsly lr.n,.stcrri..g H.csc from o„e dirtnct to 

another, they gradunlly learn the positions o. the laps, ralres, mams, &c., 

" f; * clfst^:^:post and tap should he nnmborad and a map oaroHly 
to tnpt dat; shol he maintained, shoeing the po« — 

of stand-posts, taps and valves ^:;:^0;mmission 

should he provided for the Cantonsne » j correspondence to 
and Staff Officers or other.., rrho may have to rater 


the water-supply. ^ ^ , Yo avoid oblitera- 

71. Stand-posts require repamling eve y ^ j 

lion ol the numbers and tire expense of 

hare the numbers cast on J me of a water-works, care- 

72. When carrying out 

h\ record on plans or maps sbould e v jmd the accurate 

■'■alre, to., showing size of pipes, ^ith reference to some 

position of sluice valves, air valve?, hj causes endless trouble 

Fnnanent building. Neglect of ^ut changes of officers and . 

-oinetimes, as after a lapse of years, 'vvi 
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Bubojdinntos, valves and sometimes long lengths of pipe are apt to bo 

70 In water Imavily charged with lime, the gun.metal faces and 
spmdles of slmcc valves si.ccdily become coated, and the valve becomes 
imworhable and has to be removed to be cleaned. To avoid this, valves 
should be regularly worked once a month. Meters, too, frequently are 
rendered unworkable from this cause and require periodical cleaning. It 
js ndvis.ablc to linve one or two spare meters in store, and where a number 
are in use, a set of tools for repairing, and duplicate fittings should be 
kept in stock. In the working of and repairs to valves, taps, &c., the use 
of Kcat’s-foot oil and tallow should be avoided as far ns possible, espe- 
cially in localities inhabited by Hindus. Tlie use of leather washers 
sometimes causes trouble unless the natives are assured that the leather 
is “goat” skin. 

74. Air valves should be regularly tested to ascertain if they are in 
working order. 

75. Regulating ferrules are preferable to meters where the supply is 
email nud constant. 

70. The ‘ head ’ of water at any given point is easily found by fixing by 
a union or coupling an ordinary steam-gauge on the tap ; the pressure 
shown X 2‘307 = head in feet. 

77. Registers, posted daily, should be carefully maintained to show; 

Quantity of water in reservoirs, received from head-works, pumped, 

used, and so on. 

Diagrams showing the consumption, &c., posted monthly or weekly, are 
very useful for easy reference. 

78. Where pumping machinery is used, registers should be kept to 
show the boiler and engine in use, the quantity of fuel and material 
used, &c., thus — 


Pump (or Boiler at 
Date. Engine) 
nt work. 



Ocased 
work, time. 



Fuel laeil. 


Ooal, Firewood. 
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snbordinntos, 
“ lost, ” 

78, In 
spindles of 
lunvorkab’ 
ehoiild bf 
rendered 
is ndvip 
arc in 
kept i 
of Is^ 
cinll 
son 
is 


sometimes long lengths of pipe are apt to be 

•the gun-metal faces and 
becomes 
'^'••^Ires 


70. . 

a union or coupn,.^ 
shown X 2’307 = head lu 

77. Registers, posted daily, shouiu - 
Quantity of water in reservoirs, received tro.^ 

used, and so on. 

Diagrams showing the consumption, &c., posted monthly or weekly, 
very useful for easy reference. 

78. Where pumping machinery is used, registers should be kept to 
show the boiler and engine in use, the quantity of fuel and material 
used, &c., thus — 


Date. 

Pump (or 
Engine) 
nt work. 

Boiler at 
work. 

Commenced 

pumping, 

time. 

i 

Oensed 
work, time. 

Quantity of 
water raised, 
gallons. 

j 

1 Fuel used. 

Coal. 

Firewood. 







1 i 
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ifateriaU used. 



Oylinder oil. 

Castor oil. 

Tallow. 

Cotton ] 
waste 1 


j 




1' 

1 

{ 

j 

i 

1 ; 

t 

! 

1 

j 


From the monthly totals the cost o: 
79. Under the orders or GoTem 
tenance are debited as follorrs : — 

(1) . Maintenance cTcarge ^. — 

and materials necessar 
buildings, pires, r^ass 
Military TTorks Fcai 

(2) . Pumping charges. — (c} ; 

for pumping the ~an 
(5) cost of fuel anu 
debitable to Corumf-e 

(3) . Working cfiorgei. — ^AZ. 

work the vrater-suppl; 
mates. 

80. Books of reference. — Th 
this subject, and they should be ouu 
preparation : — 










No. 


1 

2 

3 

4 


Practical Hydraulics, YWi. br -i'z. 

Treatise on HydrauEc ar.' 

1896, bj- J. T. Pannir.-, c u 

Water-supply of 

Water-supply of Earraciv ... , . 

Major Scott-iloncrl^^ ...ri, v- 

Water Pipe Discharge Diagra 


jS-. 


aras. 


»*v O . 





'/> /it, 






( 86 ) 

Rules for collecting Water for Sanitary 
Examination. 

2. On}}' chan glass bottles fitted ■with glass stoppers shonld be 

employed for the collection of water samples. Por bacterial examination 
the} should bo boiled or steamed for one hour on three successive days, 
and then carefully closed, a cap of clean paper or cloth being tied orer 
the stopper. 

2. On no account should earthenware jars or other vessels closed with 
corks be used. 

8. Before a sample is taken, it is advisable to wash out the bottle in 
which it is to be collected repeatedly with some of the water to be 
examined. 

4. If the water is to be token from a stream or lake, the sample should 
be collected ns far away from the bank as possible, and the closed bottle 
gently plunged in so as to bring the mouth some 3 or 4 inches belovf the 
water surface j in that position the stopper should be withdrawn and the 
bottle filled. 

5. In taking a sample from a tap or pipe supply, the water should be 
allowed to run away for a coxiple of minutes or more before the bottle is 
filled. 

6. When the sample is to be taken from a well, all stagnant water 
should first be withdrawn, and efforts should be made to lower the collect- 
ing bottle direct into the water : this will necessitate the attachment of 
a weight or stone to the bottle in order to make it sink below the surface. 
Care should be taken to sec that any such weight or stone is clean. If 
this cannot be done, the water must be drawn up by a bucket or whatever 
arrangement is available and the collecting bottle filled from it : a tube 
well drawing from the subsoil water, free from risk of contamination, is 
recommended. 

7. For a complete sanitary examination, at least two pints of the 
water sample are necessary. 

8. Having collected the water sample, it should be despatched with 
the least possible delay foi' examination, as changes in some of the most 
important constituents take place with great rapidity, more especially in 
hot weather. 

9. Peudiug examination, water samples should be kept in a dark and 
cool place. 
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10. Tte idlest informatioii otight alTrays to be furnished with the 
sample, the followmg being the most important particulars : — 

(c). Source : whether from tank or cistern, main or house pipe, 
spring, river, stream, lake or well. 

(b) . It a weE : depth, diameter, strata through which sunk ; 

whether imperviouslj steined and how far down it is so 
protected- Particclars as to whether the well is open or 
covered, and what arrangements exist for withdrawing the 
water. 

(c) . PossToiIrties oi impurities re.aching the water, notablj dis- 

tance ct weE from middens, manure heaps, cesspools, 
stables, &c.. drc., proximitv of cultivated land. 

(d) . If a surface water, or rain water, nature of the coEc-cting 

surface and conditions o: storage. 

(e) . lleteorologi'cal conditions, with reference to recent drought 

or excessive rainfaE. 

(f), A statement of the existence of anv disease supposed to be 
connected with the water-supplv, or anv other special 
reasons for requiring analysis. 

11. Anv further informaMon that can be obtained will always be 
usefuL 


l2. Each bottle should he distinctly labelled, so as to correspond with 
the o:SciaI letter or invoice. 


IE, I'or bacterbel examination the 


the oS:cer 




0bS6rT5fL m itt. 


sample should always be taken by 
many technical details have to be 
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CALCULATIONS. 

1. Calculatioiia, showing the weight borne on foundations, the scant- 
ling of the principal rafter, and of the common rafters, purlins, and 
battens in' all’ timber roofs, also- of the strap and bolt at the foot of the 
principal rafter, and of the tie-beam, toTiere the latter has to can'tj a 
ceiling ; the dimensions of all the parts of an iron or steel roof-truss ; the 
scantlings of all floor joists, whether of wood or iron, and of all iron or steel 
girders should, when necessary, accompany every rough Project. The 
above is a general enumeratioiLof the calculations necessary, in the preT)ar£;— 
tion of projects, but other cases may occur in which it may be necessary i.~ 
the Executive Engineer to. submit calculations ; e.g,, for the strcxrii a: 
retaining walls, of bridges in Cantonment,, roads, &c., &c. 

2. Calculations should be as concise as possible, eon^isrix::- -rrr 
giving all that is really necessary : e.g., in the calcnlirt!ci“ :r r:; ±a- 
bers- in a roof truss, it will only be necessary to vrori: “ ri STrav-'-:; 
of the principal rafter,, as all the- other portions i-: r“m.. rr 
by calculation' a smaller scantling than can be lif-rytel -rrirrxJI- - 
scantling of the puncipal rafter, being det-err^-fl ni jcrx, ^ 

straining-beam- (where such exists)'- may l-e r , - , 

scantling and in most cases all the ~ — ^ :r. — - 

with the- side of the square equal t: rU-'. ■ — " ~ ~ ■ 

principal rafter ; but, where- the tie-lecn i. r . ■- 

calculation for it will be necessary- r3-z - — 

calculations of all the- parts Ehor£r . - , 

generally be constructed'y/rKCf-l::-?'' - --- --r 

3.. Examples are girer^ ~ r 

required. A reference fe ezrrr-::.' — fl lrr ' 

structions given abore, 2 ,-T.r -- -rr— r- ..... 

should be submitted " xis - — r. 

positions which -tLe-- ' ~ 
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4. All uniformly-loaded beams. Umbers, ^c., are to be calculated by 
both the Formulae for Transverse Strain, and by that for Deflection, 
the larger result in each case being invariably adopted. 

5. In calculating the scantlings of battens, common rafters, and purlins, 
the vertical weight of the roof covering is to be reduced to normal 
pressure, by multiplying the actual weight by the cosine of the angle 
of pitch of the roof ; to this should be added the pressure of wind, the 
weight of the piece itself, and that of the pieces over it, the sum of the 
whole being expressed as W in the formula. The calculation should then 
be made by the formulae for Transverse Strain and Deflection. 

6 . A reference to the examples will show precisely the method which 
should be adopted in each of the above cases. 

7. A sketch of the truss, drawn in simple lines to a convenient scale, 
should accompany the calculation of strains on 5 . roof, the span of the 
truss being taken from the centre of the walls on each side. The com- 
mon rafters may be taken as of the same length as the principal rafters. 
The adoption of this method will insure the same dimensions being 
measured ofi by every one, both in making, and in examining, calcula- 
tions. 

8 . In working with logarithms, quantities should be taken out to the 
number of places of decimals which corresponds to the number of figures 
to which the logarithm tables are worked out. For instance, taking 
Chambers’s Logarithm Tables, which are worked out to five figures, num- 
bers above ten thousand need not generally be worked out to decimals at 
all, thousands should usually be worked out to one, and hundreds to two, 
places of decimals. Generally it will be unnecessary to work out num- 
bers to more than two places of decimals. 

9. Tables of principal rafters, and of the straps and bolts at tlieir feet, 
calculated for King-post trusses constructed with sal wood timber, are 
also given. These may also be used for teak in cases where an approxi- 
mate result is sufficient. These Tables assume that the walls on which 
the trusses rest are 18 inches thick, and the span of the truss is therefore, 
in each case, 18 inches more than the clear internal span. Ihe Tables 
give dimensions for spans from 10 to 26 feet, the differences in each case 
being 2 feet, and for intervals from 4 to 8 feet, the differences being 3 ■ 
inches. In the Table for straps and bolts, the dimensions of each part of 
the strap are given above, and the diametex* of the bolt below, in each case. 

10. These Tables are not intended to supersede original calculations 
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in connoetion mth projects of large importance : to these their relation 
will be that of a check. But in minor ‘projects, the Tables may be 
utilized as a substitute for original calculations ; and in such instances, a 
apecial and clear reference shoirld be made to the particular table made 
use of. 

11. The above instructions have been given for roofs constructed , in 
the ordinary way with trusses, purlins, common rafters and battens : but 
in the case where the roof covering is borne direct on numerous purlins, 
common rafters being omitted, the principal rafters must, in addition to 
the method indicated above, be calculated as uniformly loaded, and a 
given depth being assumed, the breadths of the sections obtained by 
each method must be added together to give the final section. 


Notation. 


The following Notation should be strictly followed in making calcu- 
lations : — 


i. Forces, 



si. Strength of Mate- 
rials ( Constants 1. 


i 


P = Any force or strain, in lbs. 

W = Uniformly distributed load on any given 
length or surface, in lbs. 
w = Any specified weight other than W, in lbs. 
c = Safe crushing strain per square inch of 
section, in lbs. 

s = Safe shearing strain per square inch of 
section, in lbs. 


ERRATUM. 


Page 93, line 4 from bottom, for “ diameter,** read “ dimension.’* 


V. Dimensions, 


' Formulae V., VI.) 

I = Unsupported length of beam, girder, &c., 
in inches. 
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L = 


T. Dimensions, (con 
tinned), g 

a 

I 

y\. Calculations by Mo~ ) fi 
ments of Inertia, ) y 


Unsupported length of beam, girder, <fec 
in feet. 

Any sectional area in square inches. 
Deflection of beam, girder, &c., in inches.. 
Moment of Inertia, {see Table VII.) 

„ Eesistance, (do.) 

Distance of neutral axis from tension flange, 
{see Table VII.), in inches. 




FormtilsB. 

In the follo'wing formulm it has been assumed, that — 

(i) . In beams under a permanent dead load — 

S = ~ is the maximum safe deflection, and that in trans- 
verse strain a factor of safety of 10 should be allowed. 

(ii) . In beams under a partly permanent and partly occasional load — 

S = ^ is the maximum safe deflection, and that in trans- 
verse strain a factor of safety of 6 should be allowed. 


General Jpormulcc for rectangular wooden beams, planks, ^c., uniformlyr 
loaded, supported at both ends. 

I. For Deflection — 


II. 


With permanent load. 

“=7- 

With part permanent and 


part occasional load, 


For Transverse Strain — 


With permanent load. 


With part permanent and 

f':T 

part occasional load, 



2 5 X W 
t> Xp 

25 L''* X W 
2 X 6 X 


lOXLXW 
UX r Xb 

L X W 
r X t> 


III. By substituting the values of p and r given in Table V . in the 
above formula, the following simple formula, which are re- 
commended for general use in practice, are derived. 
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r ■ 4- ti+d ■ro'hpre h = least sectional dimension ■ 

^““tohes rtriLgle,’ square, or polygon oireumscri bi„g the 

(i)"'°When the strut is fa^d or rivMed at both ends- 

^ ' Q V r 


P = 


l+a. 


Hi). When the strut is rounded or pin-jointed at both ends 
P = -fi- 

\alue to W to be used, {see Table VII.) 
,1,0 expression giving^ strains in King-post and Queen- 

Formuliu for calculating tlie variou 

WeigM of roof covering, (Table HL).^ 

HereW— b ^.^jn^non rafters, 1 b o r n e vertically 

purlin (or purlins), y by one principal 

principal rafter, \ rafter, in lbs. 

ironwork, (Table I.), J 

ITormal pressure o! rrind, teage 98), 

, . . I /.oiliner on it) I 


w 


j^orniiu jjax— — ^ ^ 

^ (tie-beam + ceiling on i ) 

two struts, 
one Bng-post, or (t« Qneen-posts 

- 1 - straining beam 
j- straining sill)- 

e=, inclination ot roof to the honaon. 

VIII. For a King-post truss - 
> ^ r _«««* 


1 

J 


in lbs. 


ril. For a King-post truss J^) cosec 0- 

Viool of urincipal rafter, (^s ^ 

(u). Ttaust on heel of pnn P _ .W ^ + i) cot 9, 

cosec 0. 

^ + w. 


{b). Tension on tie-beam, 
(c). Thrust on strut, 

(S). Tension on King-post,- 


16 

B 

'8 


< 



(, 9 ^ 7 > ): 


IX. 

(o). 

( 6 ). 

(c) . 

(d) . 

(e) . 

(/)■ 

X. 


XI. 


For’ a? Queen-post truss^. 

Thrust on heel of ' principal rafter, 

Tension on tie-beam, ... 

Thrust on strut, 

Tension on Queen-post, 

Thrust on straining-beam, 


W 

= -jr- cosec 6. 
6 

W w 

~ T 2 ■ 


Thrust on straining- sill, ••• =• cot 0. 

Formulje for bolt and strap at foot of principal rafter in a 
timber truss — 

P = tension on tie-beam = strain on heel strap. 

For section of each hmb of heel strap — 



N.B . — Round the bolt fths of this effective section to be given on each 
side of the eye. 

XII. For diameter of bolt, in inches. 

, Tension on tie-beam 
Diameter = T—n. 

In calculating the working resistance of a rivetted joint — 

(i) . A.II 0 W for a shearing strain of 4 tons per square inch. 

(ii) . Allow for a bearing strain of 5 tons per square inch. 

Then if' n = number of rivets. 

d — diameter of rivets, in inches. 
t = thickness of plate, „ „ 

W e have for (i) Resistance = ?iX7rX — x4 tons, 
and for (ii) „ = « x x t X 5 „ 

Xo rivet hole should be nearer to the edge of the bar than its own dia- 
meter or nearer the next than 1-| times its diameter. 

XIII. W ater-supply — 

In working out distribution schemes very different results are obtained 
by employing the different formula given in the text-books on the subject. 
For ordinary circumstances it has been decided to adopt Fanning’s formulfe 
with varying co-efficients which give medium results. Larger pipes, 3-inch 
and upwards, will be considered “ slightly, tuberculated,” smaller pipes 
» foul.” 


o 
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Adopting tlie foregoing notation, tins formula may be written as under 

G = / 5‘5767 X X H 

, y m X L ’ 

where 

G = discharge in gallons per minute, 
rf = diameter of pipe, in inches. 

H — head, in feet. 

L = length of pipe, in feet. 

m — n varying co-efficient the value of which varies only 
with diameter of the pipe, and is given in Tables, pages 
124-131. 

Noth.— L og 5-5767 = •7463S03. 

For velocity in feet per second — 

G 

V = ~ approximately. 

For further details regarding formula; for "Water-supply in pipes, see 
Pamphlet issued by Director-General, ]\Iilitnry Works, in January, 1898. 


Wfnrf Pressure. 

The SIctcorological Reporter to the Government of India considers a 
cyclone may exert a pressure of GO lbs. per square foot on a surface per- 
pendicularly opposed to it. Professor Unwin in his paper published in 
the R. E. Professional Papers for 1897 has shown that the real pressure 
of wind on roofs is very different to that hitherto supposed to be the case. 
The Board of Trade have, however, not altered their rules, and as work- 
people, snow, &c., have to be allowed for as temporary load in any case, 
it has been decided to continue to consider this to be wind pressure which 
for the purpose of calculations may be taken as 60 lbs. per square foot 
maximum. 

If P = intensity of wind’s pressure in lbs. per square foot. 

0 = inclination of roof to horizontal. 

P„ = intensity of wind’s pressure normal to roof surface. 

Then 

P„ = P sin 6 

If P = 60 lbs. per square foot. 

Then for roofs slojnng ■[, P„ = M lbs. 

„ » » h Pn = ^2 „ 

„ ,) » h Pn = 85 „ 

JL P — 95 

,, M )» 3' ■‘■n *“ ” 
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But as this gives an unnecessarily high factor of safety in the case of 
light roofs, the 'wind pressure normal to a roof’s siu-face need not be con- 
sidered greater than the weight of the roof covering, subject to a minimum 
of half the values given above for Pn- It should be noted that it is 
particularly necessary to tie down light roofs securely to the walls or pillars 
on which they rest. 


Tables. 

Table I. 

Live loads on floors = in barracks and officers’ messes 112 lbs, per 
square foot dead load. 

In officers’ quarters 90 lbs. per square foot dead load. 

In godowns special calculations of weight must always be made. 
Ironwork in calculating principal rafters = 20 lbs. per principal rafter. 
In calculating weights of built iron girders, add 10 per cent, for extra 
weight at joints, rivet heads, &c. 

Table II. 

Safe Loads on Foundations. 

In loamy soil, such as that of the Upper 

Provinces, ... ... ... ... *80 ton per sq. ft. 

In stiff clays, ... ... ... ... 1 to 1-5 ,, „ 

In rock, ... ... ... ... 1*5 to 3*5 ,, ,, 

Table III. 


Weights of Materials. 


Brickwork, bricks. 


... 120 lbs. per c. ft. 

Masonry, stone, ... 


... 156 

” 

Concrete, 


... 115 


Plaster, 


... 106 

9^ 9) )) 

Teak wood, , , . 


62 

99 99 * ( 

Sal, ... ... 


... 62 

99 99 99 

Deodar, 


... 40 

9 9 9 9 « • 

Ohir, ... 


... 32 

99 99 99 

Sun dried brickwork in mud, 


... 100 


Clay, ... 


... 130 


Loam, 


... 110 


Sand, 


... 125 

M 99 91 
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including 


Oorrugntcd iron roofing, 22 B. 'W. O., 

,l!Tnini Tal pattern roofing, 22 B. W. G. 

1 inch planhing, 

Mangalore tiling, 

Nnrrea tiling, single, \Yith framing, 

,, „ double „ M ••• 

Goodnyn tiling, single, ... 

„ double, 

Pnn tiles, 

Mud plaster and reed coiling, 

'Wrought- iron, 

Cast-iron, 

Steel, 

Brass, ••• 

Copper, 

^"-thick iron plate. 

( Double Allahabad tiling,*' ••• 
i Single V ” ^ 

) Country tiling, 

9" Thatching, including bamboo frames, 

Weights reduced to normal slope ofroof2Q° 35 

Double Allahabad tiling, 

Single M •’ 


2 lbs. per sq. ft. 


• • 

■0 

IJ 




10 

)) 



• • • 

]2 

n 

)) 

j) 

• •• 

23 

j) 

'U 



17 


JJ 

51 

• ■ • 

31 

M 

IJ 

55 

• • • 

10 

1> 

)J 

51 

• • • 

G 

n 

?) 

55 

• • • 

CO 

i> 

M 

c. in. 


•27 

n 


55 


•288 

ij 

J) 

55 

• • • 

•3 


J> 

55 


•32 

jj 

5> 

55 

• • • 

10 


)» 

s. ft. 

• » * 

31 


n 

55 

• * • 

17 

M 


55 


14 

)) 

j> 

55 


10 

n 

V 

15 


30 lbs. per sq. ft. 
15 „ )) )' 


' AllaJiahad Tile!. 

'• Dauhte Tiling 

1 Flat tile, dry, — — 

1 Scmi-hexngonal tilo, dry, ••• 

1 Flat tile, wet, 

1 Semi-circular tile, wet. 

Battens (say), 


I Single Tiling-^- 

1 Flat tile, wet, 

1 Semi-circular tile, wet. 
Battens (say). 


lbs. 

oz. 

8 

42 

5 

12 

9 

14 

■1 

14 

4 

■4 

33 

8 


9 

14 

4 

14 

2 

0 

16 

12 



Table IV. 

Safe Strain on a Square Inch, in Ihs. 


Materials. 


Tensile Strain. 

t 

Cni'liiiiR 

Strain. 

c 

ShcnriiipStmlu. 

A 

Brickwork, •• 



5 ton.s per 1 
sq. foot. 1 

... 

Concrete, 

... 

... 

5 tons per 1 
sq. foot. 1 

... 

Teak wood, • 


1,3.53 

1,210 

•• 

Sal „ ... 



1,210 

... 

Deodar, 



700 


Cliir, 


70n 

700 

... 

Deal, 

• •• 


GOO 


Pine, red,... ... 

• •• 


.■^00 

1 1'’200 

Wronght-iron, 



S,9G0 

,, ri vetted work, ... 

• •• 


S,'.)G0 

8,01)11 

„ „ bolt's, tic-rods, fcc., 

Screw.?, nuts, &c., 



8,0G0 

fi,720 

•1,480 

Cast-iron, 





Steel 





Copper bolts, 



i 

... 

Gwalior sanclstone, 

• •• 

22r> 

; 225 

1 

*•« 


Table V. 


Constants for Timber, ij-c. 


NAME OF TIMBEH, &C. 

Dr.FbECTlOE. 

Tha.vsveiise 

STIIAIN. 

Botanical. 

Common. 

P* 

rt 

Tectona grandis, 

Teak, 

2,200 

470 

Skorea robu.sta, ... 

Sfil, 

2,500 


Cedrus deodara, 

Deodar, 

1,800 


Pinus longifolia, 

Cliir, 

1,800 



Gwalior sandstone, 

»»• 



Pine, red. 

4,G00 

510 


Table VI. 


Constants of Iron Struts. 

For wrought-iron, a = 

>) cast- „ a = 

The Modulus of Elasticity of tiiesc timbers is cquai to 432 times p, or p — 
t r is the load required to break a bar of 1 inch square supported at two points 1 foot apart, and 
loaded in the middle between the points of support, and Is equal to of the Modulus of Hupturc, 
fo 













+ s'/-®? + 
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• A number of experiments conducted by Mr. Molcswortb, C.K., sbowol tlrnty-lron is strouRcr thnn l-irnn of tlie fume Fcclion, ns tlio Inttcr buckles sooner ; for 
anglo-iron the ordinary constants must, it was found, be multiplied by J to give a section of equal strength. 
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Value of hd^ for 


Value of 


5J 
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( 'i0*6 ) 


Value of hd^ for 


Value of 
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-• SCANTLINGS OF PRINCIPAL RAFTERS. 

Double Allahabad Tiling. 



Por deodar, maltiply section in above Table by = 1'72. 

i:xam2)lo , — Span 20 feet, trusses 8 feet apart. See Table, for sal 4” X 0* = 20 ; for deodar 20 X 1'72 = 34'4. Make 5' 






































fiCAKTLlXfJ.S OF PniN'CIFAI. nAFTI'lSi^. 

M I'jJ.lV'i. 


( no ) 



For dimensions o£ strap und Iwlt nt foot of I’rincipal Ifnftcr niul at the head and fixd of /iv 113 and 1 1 1. 




STEAP AND BOLT AT FOOT OF PBINCIPAL RAFTEE. 
Doodle Allahabad Tilinoi 

King-Post Trusses of all kinds of Timber, 



The dimensions of cnch limb of the strop are given abate, nnd the dinmeter of tliu bolt heiow, in cnch cose. 'Ibc strops at the King- 
post head nnd foot may bo the same as those shown in the Table, and the bolts for these straps may be ?j-inch less than those shown in thu 
Table ; no bolt, however, being less than i-inch diameter. 
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( ns ) 


H 

H 

< 

P2 

P 

O 

I— ' 

pi 

Pu 

O 

H 

O 

O 

P=- 

H 


H 

h:3 

O 

P 

o 

J25 

<5 

P 

H 

cn 


c 

V. 


tH 

c 


c 

"r. 


w 



Q 


The dimensions of each limb of the strap nre pvrn nii'i the diaini*{«-r of th'* tv)It in ni'h ca ••’. The strap* nf; tiie Ivinip-jiott 

head and foot may bo the same as tho=e ‘■ho-.vn in tlic Table, and the fur thfStj •■trapi inay tv; J-ineb Ir* i thati tho'o siioa-n in tiie 

Table; no bolt, however, l>cing le-'S (ban ‘-inch diameter. 




STRAP AND BOLT AT FOOT OF PRINCIPAL RAFTER—fconcZwtfei;. 

Single Allahabad Tiling, 

Kiiig-PbM Trusses of all kinds of Timber. 
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Tople of Strength of T and '^~iron^ and rolled steel. 


L = Span in feet. 

I = Moment of Inertia. 

V = Distance of neutral axis from the extreme edge of tension flange. 
K = Co-efficient for each Section (see Table). 

W = Total safe load in lbs. distributed over span iucludiug weight 
of iron. 

Then for iron W = ^. For steel W = -| X (^Factor of safety is 4). 



For values of I and K in sections similar to those given above ; if 1^, 
Ki, and be the values for the required section ; then = I ^ ; and 

Ki = K £Jxa?jple . — Find li and for 4" x 4" X I and K for 
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2* X 2" X tV = ’41625 and 2242 respectively. Therefore Ij = *41625 
X ^ = 6*66 5 and Ki = 2242 x ^ =z 17936. 

Old rails. 

For an Oudh and Rohilldiand Rail — 60 lbs. per yard. 

I = 14*45, d — V — 2*15, K = 40146. 

For a Rajputaua-Mahva Rail— 40 lbs per yard, ■ 

I = 5*7433, d — v — 1*725, K = 19946. 

For section of above rails see Plate IX. 


Table of Strength of Rolled Iron and Steel Beams. 

Safe strain for iron = 4 tons jjer squai*e inch in compression. 

W — safe load uniformly distributed over beam supported at both 
ends, including \Ycight of beam, in tons, 
h = clear internal span between supports, in feet. 

K = co-efficient for each section (see Table). 

Then for iron K = W x L, for steel K := W x L. 

Pule . — Multiply weight to be supported by eaeh beam (W ) by clear 
span in feet (L) to give K. Any iron beam having this value of K in the 
Table below may be used, or any rolled steel beam having K |ths of 
this value. 


DlJinKSIOKS OF SEC- 
TION, IN INCHES. 

Weight of 
be.ira iu lbs. 
per foot run. 

K. 

Dimensions of sec 
T iON, IN inches. 

Weight of 
beam in lbs. 
per foot run. 

K. 

Depth. 

BrendtU. 

Depth. 

Breadth. 

20 

74 

89 

439 

7 

CO 

16 

27 

18 

7 

76 

341 

61 

H 

18 

28 

'• 16 

6 

62 

241 

6 

5 

26 

39 

16 

o 1 

50 

186 

6 

d.l 

*3 

20 

30 

in 

I ^ 

69 

219 

6 

3 

16 

22 

IB 

5 

42 

147 

6 

3 

13 

18 

14 

G 

67 

198 

6 

2 

12 

15 

14 

6 

46 

162 

54 

2 ' 

10*5 

13 

13 

5 

.41*5 

123 

H 

14 

9 

9 

12 

6 

54 

164 

5 

6 

24 

32 

■ 1 

12 

6 

44 

140 

5 

^3 

- 22 

29 

12 

5 

32 

98 


4 . 3 

19 

24 
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Rules for Guidance in Calculations for Steel Girders. 

1. The following Formulfe, Tables and Constants are to be used in 
future, in lieu of those in the Military Works Handbook, for calculating 
rolled steel girders of English manufacture. 

2. The Tables and Constants are arranged to give a limiting stress 
of tons per square inch for mild steel. This is considerably higher 
than the stress 'allowed for in the Tables in the Handbook, and it is to 
be distinctly understood that the higher stress is to be used only in the 
case of girders obtained on indent from England ; or of girders purchased 
locally, which are of English manufacture, and which are guaranteed to 
bear an ultimate stress of from 27 to 82 tons per square inch. 

3. Floor girders, the ends of which are built into the walls, may be 
treated as fixed beams. 

Purlins which are in continuous lengths, or firmly connected by fish- 
plates, may also be treated as fixed beams. 

4. The girders entered in the Tables are the British Standard Sec- 
tions of Eolled Steel Beams, and these sections only should in future 
be indented for. 

The constants for load and deflection of girders not in the Table can 
readily be obtained from their moments of inertia, by the formulae given 
in the Appendix. 


No. SIO— 600. 
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Table of Bolleb Steel Joibts. 

Standard Sections. 

. , ,„f Secii..s ani Consianu for Loai ani DefiecUon, 

With partimlais f „ 

“ g' at both e»is. 

J Condition of joist aniiormly distributed, 

OisB le ^ ^„„„gement ot load of joist molnded. 


CONSTANTS. 


Section, 

ill 

inoiica. 


Thickness Moment 

■Wcigkt in ihs. o£ Inertia, 

1 . • auartic inches, 

lineal foot. in inches. 


K. 

Tor Load 
K 

•W< -tT 


For Deflection 


20X^4 
18 X 7 
16 K 6 
1BX6 
15 VC 5 • 
li X 6 
iix6 
12X6 
12X6 
12X6 
10X8 
10X6 
10 X 6 
9X7 
9X4: 
8X6 
8X6 

8X4 
7X4 
6X6 
6 X4| 
6X3 

6 X44 
5X3 
4|X15 
4X3 
4X^1 
3X3 
3 Xla 


100 

89 

75 

62 

59 

42 

57 

46 

54 

44 

32 

70 

42 

30 

58 

21 

35 

28 

18 

16 

25 

20 

12 

18 

11 

6-5 

9'6 

5 

8-5 

4 


>60 

.60 

•65 

•65 

•60 

•42 

•60 

•40 

•60 

•40 

•35 1 

•60 
•40 
•36 
•65 
•30 
•44 
•35 
•28 
•25 
•41 
•37 
•26 
•29 
•22 
•18 
•22 
•17 
•20 
•16 


2654 
1670 
1149 
725-7 
628-9 
428 
632-9 
440-5 
375-5 
316-3 
220 
344-9 
211-5 
145-6 
229-5 
81-1 
110-5 
89-32 
55’69 
- 39-21 

43-61 
34-62 
20-21 
22-69 
13-61 
6.73 
7-52 
3-668 
3-787 
1-659 


1105-83 
835-00 
638-33 
453-56 
‘ 419-26 
285-33 
380-64' 
314-64 
812-90 
262-75 
183-33 
344'90 
211-50 
145-60 
255-00 
90-11 
138-12 
111-65 
I 69-61 

56- 01 
72*68 

57- 70 
33-68 
45-38 
27-22 
14-17 
18-80 

9-15 

12-62 

5-53 


368-61 

231-94 

159-58 

100-79 

87-34 

59-44 

74-01 

61-18 

62-15 

43-79 

30- 65 
47-90 
29-376 
20-222 

31- 875 

11- 263 
15.347 

12- 405 
7-734 
6-445 
6-057 
4-808 
2-807 
3, -151 
1-890 

.934 

1-044 

•508 

•625 

•230 
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To use the foregoing Table — 

(i) . To select a joist for a given external load (i.c., load esclnsive 

of ^veight of joist) and a given span : — 

Multiply the load {in tons) by the clear span (m feet) and 
select a section from tbe Table, against vrliich the constant 
for load “ K ” is slightly liigher than the result. 

The weight of the joist should then be added to the external 
load and the section selected tried, as shown in (if) and {Hi) 
below, for load and deflection. 

(ii) . To find the load for a given section of joist with a given 

span ; — 

Divide the constant for load “ K ” by the span {in feet). 

The quotient is the safe distributed load {in tons), including the 
weight of the joist. 

Fob Load — 

f equal to ) 

^ X c must be •! or > W tons. 

( greater than ) 

(tit). To determine whether for a given section of joist and a given 
span, the resultant deflection caused by a given load, includ- 
ing weight of girder, will be greater than the maximum de- 
flection permissible, viz., inch per foot run of span. 
Multiply the total weight {in tons) by the square of the span 
{in feet) and di\dde by 100. 

If the quotient is equal to or less than the constant for deflec- 
tion, it will show that the maximum deflection permissible 
has not been exceeded. 

Fob Deflection — 


W totis X Ii° 

Too 


X Cl must be \ 


( equal to 
or 

( less than 


Ki. 


A', fi.— In cases where it is considored that a deflection of inch per foot run is 
excessive, (as for instance in very long spans, or for other reasons), the 
following formula for deflection must be used : — 

Fob Deflection — 


W tons X L® ( h) I 

4000 X D‘ ^ must be j or I 

( less than j 

where D^ is the maximum deflection {in inches) considered advisable. 

Note.—o and o, in (ii) and (ni) above are the constants for load and deflection due 
to different conditions of the girders, and will bo found on the followine 
page for Cases II. to XII. 
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TahU. for facilitaling calculation, far long m-ought-i^n colun,n. 
or sirnic of L or T-hm (founded on Formula VI.) 

Tablb I. 


jv'- * 

Inches. 


■u X ‘ 

•1 XC X’ 
X 

X-1 
X3 
X6 


•$ 

■i 

■1 

•1 

3i 

3i 

3 

3 

3 

3 

3 


X 4 
X 4 
Xi 


X34 X4 
X34 
XG 
X o 
X'l 
X3 
X3 


Xg 
X 4 
X 4 
X 4 
X 4 


.1-250 
‘1-750 
‘1-250 
3-750 
3 2‘50 
3-G09 
3-250 
2.181 
‘1‘2‘50 
3 ‘7 50 
3‘250 
2-750 
2-100 


7-lron. 

L-Iron. 

1-25 1 

3-51 

3-9G 

3-Gl 

3-91 

31G 

3-80 

3-18 

3-00 

2‘73 

3-92 

3*1) / 

3-35 

2-83 

3-30 

2*71 

3-00 

2-91 

3-00 

2.87 

2-99 

2-73 

2-91 

2-17 

2.85 

2-39 

Tabl 


24 X 24 X S 
24 X 24 Xtb 
24 X 24 X i 
2 X2 X 
2 X2 X 
2 X2 Xft! 
2 X2 X 
14 X 14 X 
14 X 14 XtV 
14 X 14 X i 
14 X 14 Xt\ 
11 X 14 X i 


2‘250 

1-731 

1-185 

1-187 

1-750 

1-359 

1-152 

.937 


.687 


T-Iron. 

L-Iron. 

2-16 

2-12 

2-10 

2-03 

2.38 

1-99 

2-35 

1-91 

2-00 

1-77 

1-96 

1-68 

1-93 

1-61 

1-90 

1-59 

1-50 

1-33 

1-18 

1-28 

1-15 

1-21 

1-13 

1-19 

1-10 

1-16 


__ Lcngtli^ gxed. 

B - tost dlnmtto 



... -88 From I««e II., c, = 6467 . 

TbenB -gTcO that a section 

C--Ii^ = 2 - 10 . . ^ith the assumed value 

® y Sacs tae ares ot 
,r saooia tacrefore e maae 

F„. steel 
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Table of safe distributed load in tons on rolled steel beams supported 
at both ends. Safe compression is taken at 5 tons per square 
inch, or Factor of Safety is 4 . 


Dimensions 
o£ Section. 

Eg 

c ^ 

A o 

CLE.\n SrA^• IK FEET. 

Depth., 

s 

1 

n 

o S 

2' 

i' 

6' 

8' 

10' 

12' 

7 

3i 

18 


9-97 

G-Cl 

4-94 

3-92 

3-23 

7 

3f 

1C 

... 

8-48 

G-G2 

4-19 

3-33 

2-71 

Gi 

31 

18 

... 

8-72 

5'78 

4-31 

3-42 


6 

5 

23 

... 

12-15 

8-05 

C-S5 

4-7C 


6 


20 

... 

9-34 

C-20 

4 -02 

3-GG 


6 

3 

IG 

... 

C-86 

4-51 

3-38 

2-G8 


6 

3 

13 

... 

6-GO 

3-72 

2-7G 

2-19 


6 

2 

12 

... 

4-G7 

3-10 

2-30 

1-82 


H 

2 

lO'o 

... 

4-04 

2-G8 

2-0 

1-59 


Si 


9 

... 

2-79 

1-8C 

1-38 

. » • 


6 

5 

24 

... 

9-90 

C-GO 

4-92 

... 


5 

H 

22 

• *. 

9 02 

6-98 

4-45 

... 


6 


19 

... 

7-4C 

4-96 

3-G8 

« • * 


5 

3 

16 


6-28 

3-60 

2-Gl 

... 


6 

3 

11 

... 

4 -07 

3-10 

2-30 

... 



1-2 

10 

... 

2-97 

1-96 

1-44 

... 


4| 

1-*- 

6'6 

... 

2-25 

1-49 

1-10 

... 


4i 

3 

14 

... 

4-C7 

3-09 

2-29 

... 


4 

3 

12 

7-49 

4-23 

2-48 

• •• 



4 

3 

9-5 

6-12 

3 04 

2-01 

... 



4 

If 

8 

4-29 

2-14 

1-41 

... 



4 

12 

6 

3-02 

1-60 

1-00 

... 



3* 

3 

10-5 

6-58 

2-77 

1-83 

... 



. 

n 

6 

2-7G 

1-37 

-90 

• • • 



3 

3 

10 

4-67 

2-32 

... 




3 

u 

4 

1-00 

•49 

... 

... 

... 



The depth of rolled steel beams should not be less than ,Vth of the span 
or they will deflect unduly, ^ ' 




Dimensiow, of Iron baro, ^c., for Trmoes of the Design shown in Plate II. of Bandhook, supporting 

Double Allahabad pattern tiling. 
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(^<ci 3 Dcc|»ff:t 9 &{C(» m!c 9 «mIs) m\n 

XXXXXXXXdXX 
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„ ^-saoaid ‘ijsip z -(-saoaid '?sjp S-+ -t-saoaid '?frip Z -t-saosid '^sip S-^ 
<) ■ saoaid aons^sip aaijawBip ,x sjuq X «fs eiqnoa 
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Wrought’iron, 
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In calculating iron ti-usses ^rhicli are geometrically similar to those 
described in Examples V., VI. and VII., the follo^ving constants may be 
made use of : — 


I. — Truss simi- 

Compression of A 1, 

t • • 

• • t 

2-21 W. 

lar to that describ- 


A 2, 

• • » 

• • • 

2 W. 

ed in Example V.j 


A 3 -, 

• • • 


■45 W. 

page 148 (Plate 

Tension 

C 1, 

• • • 

... 

2 W. 

IL). 


C 2, 

• • • 

• • • 

•04 W. 


n 

C 3, 

■ • • 

• • • 

1-2 W. 

II:-^Truss sirhi- 

Compression of A 1, 

• • • 

• • * 

2-46 W. 

lar to that describ- 

>> 

A 2, 

• •• 

• • • 

2-3 IV. 

ed in Example VI.-, 

If 

A3, 

* • * 

• • » 

1-75 'V. 

page 152 (Plate 

ff 

A 4, 

... 

• . * 

•3 W. 

III.). 

♦ » 

A 5, 

• • • 

• • . 

•45 W. 


Tension 

C 1, 

• »* 

» • » 

2 22W. 


ff 

0 2, 

• • • 

• • • 

1-8W. 


f» 

C 3, 

• • • 

• . • 

1-23 W. 



0 4, 

• » • 

• • » 

•45 W. 


ff 

C 5, 

• • • 


•7 IV. 

III. — T r u s s 

Compression of A 1, 

• . • 

• • • 

2-8 W. 

similar to that des- 

»f 

A 2, 



2-7 IV. 

cribed in Example 


A3, 

• • • 

• • • 

2 GIV. 

VII;, page 158, 

>> 

A 4, 

• • » 

• • • 

2-5IV. 

(Plate IV.). 

If 

JA5,^ 
< A7,J 

... 

• * a 

•23 IV. 


ff 

A 6, 


• • • 

•45 IV. 


Tension 

0 1, 

• • • 


2-53 IV. 


Jf 

C 2, 



2-17 W. 


Jf 

C 3, 

• • « 

• • • 

1-22 W. 


»f 

C4, 

• • • 

• » • 

1-03 W. 


^ f f 

0 5, 



1-43 IV. 


f> 

oo 

... 


•362 W. 


In all cases W eiitlals half the freight of one truss and its -load, and 
may be taben either in Ibs; or tons. 

R 



QnUons pet minute. 


(( 'm ) 

Foul Pipes . . 

H =. -5.5767 X^ 


Diameter ot pipe in iMhca. 



.2G898 
1.07r.90 
2.i2079, 
4.303G2 
0 72441 
9.68314 
13.17983 

17 *2 1.4,4 8 

21^78707 
2G8'.i762 
32.54012 
38-73257 
45 45698 
52.7 19.34 
(;0.519G6 
(38-85791 

77-73412 

87- 14829. 
97 10041 
107-59048 


.03424 
.13G9G 
.3081.6 
,54784 
■85600 
1.23263 
1.67775 
2.19135 
2-7'734i2 
3.42398 
4.14302 
4-93053 

6-78653 
C-71100 
7.70396 
8.76539 
9-89630 
11 09370 
12.36057 
13.69592 
I.5';09976 
16^57-206 

18- 11285 

19- 72212 
21-39988 
23^14G10 
24-96081 
26-84400 
28-79567 
30-81582 
32'9044B 
36,06166 
37-28714 
3'9i68121 
4,D94376 
j4'-37478 
46-87429 
49-44227 


.00785 
.03138 
.07061 
.12352 
.19613 
.28242 
.38441 
.60209 
.63345, 
.78461 
•94926 
1.12969 
1.325,82 
1.53764 
1.76515 
2.00835 
2-26723 
2-54181 

2- 83208 

3- 13364 
3-45969 
3.79703 
4.15006 
4;51878 
4.90319 
5.30329 

6-71908 
6-1 5056 

6- 59773 

7- 06059 

7- 63914 

8- 03338 

8- 64331 

9- 06894 

9- 61625 

10- 16726 

10- 73994 
11.32832 


.00248 
.00992 
.02231 
.03966 
.06197 
.08924 
.12147 
.1686,6, 
.20079 
.24789 
.29993 
.35,696 
.41893 
.485’86 
•55775 
.63460 
.71640 
.SO'SIB 
.89488 
-99156 

1-09320 
1.19979 
1-31134 
1.42786 
1.64931 
1-67674 

1- 80712 
1.94346 
■2-08476 

2- 23101 
2-38222 
2-53839 
2-69952 

2- 86561; 

3.63666 

3.21266 

3- 39361 

3-67953 


.00096 
.00384 
.00863 
.01535 
.02398 
.03464 
.04701 
.06140 
.07771 
.09594 
.11608 
.1.3815 
.16213 
•18803 
.21686 
.24569 
.27725 
.31083 
.34633 
.38374 
.42307 
.46433 
.50760 
.65269 

.59959 

.64852 

.69937 

.75213 
.80681 
.86342 
.92194 
.98237 
1.04473, 
I4IO9QI 
, lU7620 

1124332 
1,31335, 
1.38'530, 


.00043 

.001,71 

.00384 

.00683 

.01067 

.01536 

.02091 

.02731 

.03457 

.04268 

.05164 

.06146 

.07212 

.08365 

■096<)2 

.10926 

.12334 

.13827 

.16406 

.17071 

.18820 

.20655 

.22676 

.24582 

.26673 

.28849 

.31111 

.33458 

.35891 

.38409 

.41012 

.43701 

.46475 
.49334 
.62279 
.65309 
.58424 
.61626 



Dimcnmojts of Sled bars, for Trusses of the Dcsigii shoren in Plate II. of Handhooh, supporting 

Double Allahabad pattern tiling. 
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Gallons per minute. 


( 126 ) 

foul pipes— (' coRcrwdea;. 


” : T 

1 

ij 


2J 

3 


3i 


83 

84 

85 
8G 

87 

88 

89 

90 

91 

92 

93 

94 
96 

96 

97 

98 

99 
100 


Value of m. 


17-07714 

17*49112 

17- 91006 

18- 33394 

18- 76279 

19- 19660 

19- 63637 

20- 07909 
20-62777 

20- 98141 

21- 44001 

21- 90366 

22- 37207 

22- 84564 

23- 32397 

23- 80736 

24- 29670 
24-78900 


-016 

-0146 

-014 

-0135 

•013 


6-60896 

6-76917 

6- 93130 

7- 09636 
7-26132 
7-42921 
7-69901 
7-77074 

7- 94438 

8- 11994 
8-29742 
8-47682 
8-66813 

8- 84137 

9- 02662 
9-21360 
9-40269 
9-69350 


-0125 


2- 93998 

3- 01126 
3-08338 
3-16636 
3-23018 
3-30487 
3-38041 
3-46680 
3-63404 
3-61214 
3-69109 ■ 
3-77090 
3-85155 

3- 93307 

4- 01643 
4-09865 
4-18272 
4-26765 



Gallons per minute. 


( 128 ) 

SLIGHTIi r TUBEBGUIiATEB — ) 


Biameter.of pipe in inolies. 


8 j 

3} 

4 

■5 ' 

6 ' 

1 

J - 

Value of m. 

•00862 

=008435 

•00825 

•007985 

•00772 


Heaa of \rater in feet. 


36 

37 

38 

39 

40 

41 

42 

43 

44 
46 

46 

47 

48 

49 
60 
61 
62 

63 

64 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 


•82438 

.87081 

•91852 

.96750 

1-01775 

1^06927 

1- 12207 
M7614 
1*23148 
1*28809 
1*34597 
1*40513 
146556 
1.62726 
1;59023 
1.65448 

1-72000 
1*78679 
1.85485 
1*92418 
1*99479 
2*06667 
2*13982 

2- 21424 
2.28993 

2-36690 
2.44514 
2*52465 

2-60544 
2-68749 
2-77082 
2.86542 

2- 94129 
3r02844 
3.11686 

3- 20654 

3-29751 
3*38974 

3-48325 
3*57802 
3-67407 
3*77140 

3- 86999 
3*96986 

4- 07100 


•37322 ; 
*39425 
-41586 
.^3802 
•46077 
*48410 
*50800 
.53248 
.65753 
•58316 
•60937 
*63615 
.66351 
•69144 
•71996 
.74904 
•77870 
*80894 
•83976 
•87115 
•90311 
•93565 
.96877 
1.00247 
1.03674 
1.07158 
1.10700 
1.14300 
1*17957 
1.21672 
1-25445 
1*29275 
1.33)63 
1.37108 
1.41111 
1.45172 
1-49290 
1.53466 
1-57699 
1.61990 
1-66338 
1-70745 
1-75208 
1*79730 
1.84308 


•18723 

.19778 

*20861 

*21974 

i23ll5 

•24285 

*25484 

*26712 

*27969 

•29255 

•30570 

*31913 

•33286 

•34687 

•86117 

•37576 

*39064 

*40581 

•42127 

*43702 

.45305 

•46938 

.48599 

•50290 

•52009 

•53757 

•55534 

.57340 

•69174 

•61038 

•62931 

•64852 

•66802 

•68782 

•70790 

•72827 

•74893 

•76987 

•79111 

'81264 

•83445 

*85656 

•87895 

•90163 

•92460 


•05938 

•06273 

•06616 

•06969 

•07331 

•07702 

•08082 

•08472 

•08871 

•09278 

*09695 

•10121 

•10557 

•llOOl 

*11455 

•n9]8 

•12389 

•12871 

•13361 

•13360 

•14369 

•14887 

•15413 

•15950 

•16495 

•17049 

•17613 

•18186 

•18767 

•19359 

•19959 

•20568 

•21187 

•21814 

•22451 

•23097 

•23753 

•24417 

•25091 

•25773 

•26465 

•27166 

•27876 

•28596 

•29324 


•02307 

•02437 

■02571 

;02708 

'02848 

•02993 

■03140 

•03292 

‘03447 

■03605 

•03767 

•03933 

.04102 

•04274 

•04451 

•04630 

•04814 

•05001 

•05191 

•05385 

•05583 

•05784 

•05989 

•06197 

.06409 

•06624 

.06843 

•07066 

•07292 

•07522 

•07755 

•07992 

•08232 

•08476 

•08723 

•08974 

•09229 

•09487 

.09749 

-10014 

.10283 

•10555 

•10831 

•11111 

.11394 







Gallons per minute, 


( 127 ) 

Slightly Tuherculated. 

Head of water consumed hy friction in pipes 100 feet long calcula- 
ted hy Fanning’ s formula with varying co-efficients for slightly 

tuherculated pipes. 

„ _G'^ y. mV. Jj. 

^ ~~ 6*5767 X 


Biameter of pipe in inches. 



3 

3J 

4 

5 

6 

Value of m. 

•00862 

•008436 

•00825 

•007986 

•00772 


Head of water in feet. 


m 


•00029 


•00005 

2 


•00116 


•00018 

3 


•00269 


■00041 

4 

•01018 

•00461 


•00073 

6 

•01690 

•00720 


•00116 

6 

•02290 

•01037 

•00620 

1 1 

7 

•03117 

•01411 

•00708 


8 

•04071 

•01843 

•00926 


9 

•05152 

•02333 

•01170 

|B 

10 

•06361 

•02880 

•01446 

S I ; 3 

11 

•07697 

•03485 

■01748 

S 1 ; 

12 

•09160 

•04147 

2 1 : n 

1 1 1 « 

13 

•10750 

•04867 

‘ m 


14 

• 12467 

•06644 

m 

•00898 

15 

•14312 

•06480 

^ ^ V 

•01031 

16 

•16284 

•07372 

i t ! a 

•01173 

17 

•18383 

•08323 

•04175 

•01324 

18 

•20609 

•09331 

•04681 

•01486 

19 

•22963 

•10396 

•06215 

■01654 

20 

•25444 

•11619 

•05779 

•01833 

21 

•28052 

•12700 


1 1 1 ■ 

22 

•30787 

•13938 


1 ! 3 

23 

•33649 

•15234 

•07642 

1 [ 1 9 

24 

•36639 

•16588 


1 1 ' 3 

25 

•39756 

•17999 


^^^B 1 : ! 9 

26 

•43000 

•19468 

•09766 

1 1 1 9 

27 

•46371 

•20994 


^^^B 1 1 ! 9 

28 

•49870 

•22578 

is 

1 1 1 9 

29 

•63495 

•24219 


^^^B 1 ! ' 9 

30 

•57248 

•25918 


^^^B ' ' ' 9 

31 

•61129 

•27675 

■13883 

^^^B M S 9 

32 

•65136 

•29489 

•14794 


33 

•69271 

•31361 

•16733 

•04990 

34 

•73532 

•33291 

•16701 

•05297 

^5 

•77921 

•35278 

•17627 

•05613 


•00002 

•00007 

•00016 

•00028 

•00046 

•00064 

•00087 

•00114 

•00144 

•00178 

•00216 

•00266 

•00301 

•00349 

•00401 

•00466 

•00514 

•00577 

•00643 

•00712 

•00785 

•00862 

•00942 

•01025 

•01113 

•01203 

•01298 

•01396 

•01497 

•01602 

•01711 

•01823 

•01939 

•02068 

•02181 














Gallons per minute. 


( 130 ) 

SLiaalLY TnBEBOaLATED-(oo'.<-'«"«0' 


Diameter o£ pipe in Indies. 



10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 


•00080 
•00321 
•00722 
•01284 
•02006 
•02888 
•03931 
•05135 
•06499 I 
•08023 
•09708 
•11653 
•13559 
•15725 
•18052 
•20539 
•23187 
•25996 
•28964 
•32093 
•35382 
•38832 
•42443 
•46214 
•50145 
•54237 
•58489 
•62902 
•67475 
•72209 
•77103 
•82158 
•87373 
•92748 
.98284 
1-03981 
1-09838 
1-16855 
1-22033 
1-28371 
1-.S4870 
1-41529 
1-48349 
1-55329 
1-62470 


•00040 
•00160 
•00361 
•00642 
•01003 
•01444 
•01965 
•02667 
•03249 
•04011 
.04854 
•05776 
•06779 
.07862 
•09025 
•10269 
•11592 
• 12996 
•14480 
•16045 
•17689 
•19414 
•21219 
•23105 
•25070 
•27116 
•29242 
•31448 
•33734 
•36101 
•38548 
•41075 
•43682 
•46369 
•49137 
•61986 
•64913 
.67922 
•61010 
•64179 
•67428 
•70758 
•74167 
•77657 
.81227 


00022 
■00087 
■00197 
•00349 
•00546 
•00786 
•01070 
.01397 
•01769 
.02183 
.02642 
•03144 
•03690 
•04279 
•04913 
•06590 
•06310 
.07074 
•07882 
•08734 
•09629 
•10568 
•11550 
•12576 
•13646 
.14760 
•16917 
•17118 
•18362 
•19651 
•20983 
•22358 
•23777 
.25240 
•26747 
•28297 
•29891 
•31528 
•33210 
•34935 
•36703 
•.38515 
•40371 
•42271 
•44214 


•00013 
•00051 
•00114 
•00203 
•00316 
.00456 
•00620 
.00810 
.01025 
•01266 
.01532 
.01823 
•02139 
.02481 
•02848 
•03241 
.03659 
•04102 
•04570 
.06064 
•05583 
.06127 
•06697 
•07292 
•07912 
•08658 
.09229 
•09925 
.10647 
.11394 
•12166 
•12964 

• 13786 
•14635 

• 16608 
•16407 
.17331 
.18281 
• 19255 
20256 
21281 
22332 
23408 
24609 
■25636 


.00005 

•00020 

•00044 

.00078 

.00123 

.00176 

.00240 

•00314 

.00397 

.00490 

•00593 

•00706 

.00828 

.00960 

.01103 

.01264 

.01416 

.01688 

.01769 

•01960 


02161 • 

02.372 

02592 

02823 

03063 

03313 

03572 

03842 

04121 

04410 

04709 

05018 

05336 

.05665 

.06003 

•06351 

.06709 

.07076 

.074.53 

.07840 

•08237 

.08644 

.09061 

.09487 

.09923 



Gallons per minute. 


( 12S ) 

SLIGHTLY TUBEECULATED— Ccond'niKi 


Diameter of pipe In Inches. 


3 

H 

4 

6 

C 

Tnluc of m. 

-00805 

•008435 

•00825 

•007085 



Head of water In feet. 


81 

4-17341 

1-88945 

82 

4-27709 

1-93639 

83 

4-38204 

1-98391 

84 

4-48827 

2-03200 

85 

4-59577 

2-080G7 

8G 

4-70454 

2-12991 

§7 

4-81459 

2-17974 

88 

4-92690 

2-23013 

89 

503849 

2-28111 

90 

6-16235 

2-332G5 

91 

6-26749 

2-38478 

92 

6-38389 

2-43748 

93 

6-60167 

2-49076 

94 

6-62052 

2-54461 

95 

6-74074 

2-69904 

96 

6-8G223 

2-05404 

97 

6-98500 

2-709G2 

98 

6-10904 

2-76578 

99 

6-23435 

2-82251 

100 

6-3G093 

2-87982 


•9478C 

•07141 

•99525 

1-01937 

1-04379 

1-0G849 

1-09349 

1-11877 

M4434 

1-17020 

1-19C35 

1-22279 

1.24951 

1-27G53 

1-30383 

1-33143 

1-35931 

1-38748 

1-41694 

1-444C9 













Oallons per minute. 


( 180 ) 

slightly TOBEBOULATED-(^»^<'^"«0- 


Diameter of pipe iu inolies. 



10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
430 


•00080 
•00321 
•00722 
•01284 
•02006 
•02888 
•03931 
•05135 
•06499 
•08023 
•09708 
•11653 
•13559 
•15725 
•18062 
•20639 
•23187 
•25995 
•28964 
•32093 
•35382 
•38832 
•42443 
•46214 
•50145 
•54237 
•58489 
•62902 
•67475 
•72209 
•77103 
•82158 
•87373 
•92748 
.98284 
1^03981 
1^09838 
1-15855 
1-22033 
1-28371 
1-S4870 
1-41529 
1-48349 
1-55329 
1-62470 


•00040 
•00160 
•00361 
•00642 
•01003 
•01444 
•01965 
•02667 
•03249 
•04011 
.04854 
•05776 
•06779 
.07862 
•09025 
•10269 
•11592 
•12996 
•14480 
•16045 
•17689 
•19414 
•21219 
•23105 
•25070 
•27116 
•29242 
•31448 
■33734 
•36101 
•38548 
•41075 
•43682 
•46369 
•49137 
•61985 
.64913 
.67922 
61010 
64179 
67428 
70758 
74167 
77657 
81227 


00022 
■00087 
■00197 
•00349 
•00546 
•00786 
•01070 
.01397 
•01769 
.02183 
.02642 
•03144 
•03690 
•04279 
•04913 
•05590 
•06310 
.07074 
•07882 
•08734 
•09629 
•10568 
•11550 
•12576 
•13646 
.14760 
•16917 
•17118 
•18362 
•19651 
•20983 
•22358 
•23777 
.25240 
•26747 
•28297 
•29891 
•31528 
•33210 
•34935 
•36703 
•38515 
•40371 
•42271 
•44214 


•00013 
•00051 
•00114 
•00203 
•00316 
.00456 
•00620 
.00810 
.01025 
•01266 
.01532 
.01823 
•02139 
.02481 
•02848 
•03241 
.03659 
•04102 
•04570 
.05064 
•05583 
.06127 
•06697 
07292 
07912 
08558 
.09229 
•09925 
.10647 
.11394 
•12166 
•12964 
•13786 
•14635 
•15508 
•16407 
.17331 
.18281 
•19255 
•20256 
•21281 
•22332 
•23408 
•24609 
•25636 


•00006 
•00020 
•00044 
.00078 
.00123 
.00176 
.00240 
•00314 
.00397 
.00490 
•00593 
•00706 
.00828 
.00960 
.01103 
.01254 
.01416 
.01688 
.01769 
•01960 
.02161 - 
.02372 
.02592 
•02823 
.03063 
•03313 
•03572 
.03842 
•04121 
•04410 
.04709 
,0501 8 
.06336 
.05665 
.06003 
•06351 
.06709 
.07076 
.07453 
.07840 
•08237 
.08644 
.09061 
.09487 
.00923 



Gallons per minute. 


( isl ) 

SLIGHTLY TUBEECDLATED— (conlinMi) 



•00762 



1-69771 

1-77232 

1-84856 

1 - 92637 

2 - 00580 

2-08683 

2-16947 

2 26372 

2-33956 

2-42702 

2-51608 

2-60674 
2-69900 
2-79288 
2-88835 

2 - 98543 

3 - 08412 

3-18441 

3-28630 

3-38980 

3 49491 

3-60161 

3-70993 

3-81985 

3 - 93137 

4 - 04450 

4-15923 

4-27556 

4-39350 
4 '. M 305 

4-63420 

4-75696 

4 - 88131 

5 - 00728 

5-13485 

5 - 26402 
5 39480 

6 - 52718 

6-66117 

5 - 79676 

6 - 93396 

6-07276 
6-21317 
6-35518 


Diameter of pipe in inolies. 

8 9 10 12 
Value of m, 

•00733 -00719 -00706 -00680 


Head of u-ater in feet. 


-84877 

•46201 

■26788 

.10369 

-88607 

•48232 

•27966 

•10825 

-92418 

•50306 

•29168 

•11290 

-96309 

•52424 

•30396 

•11766 

1-00280 

•54685 

.31649 

•12251 

1-04331 

•56790 

.32928 

•12746 

1-08463 

•59039 

•34232 

•13260 

1.12675 

•61332 

.35561 

.13765 

1-16967 

•63668 

•36916 

.14289 

1-21339 

66048 

-38296 

.14823 

1-25791 

•68472 

•39701 

.15367 

1-30324 

. -70939 

•41131 

•15921 

1 34937 

•73450 

.42687 

•16485 

1-39630 

•76005 

.44068 

.17068 

1-44403 

•78603 

.46575 

•17641 

1-49257 

‘81245 

.47107 

•18234 

1-54191 

•83930 

.48664 

•18837 

1-69205 

•86660 

•50246 

•19449 

1-64299 

•89432 

• 618-54 

•20072 

1-69473 

•92249 

•53487 

•20704 

1-74728 

•95109 

•65146 

• 21.346 

1 - 800 G 3 

•98013 

.66829 

.21998 

1-85478 

1-00961 

-58538 

•22659 

1-90973 

1 - 039.52 

.60273 

•23330 

1-96549 

1-06987 

-62033 

•24011 

2 02205 

1-10066 

•63818 

•24702 

2-07941 

1-13188 

•65628 

•25403 

2-13757 

M 6354 

•67464 

•26114 

2-19653 

1-19564 

■69325 

•26834 

2-25630 

1-22817 

•71211 

•27564 

2-31687 

1-26114 

•73122 

•28304 

2-37824 

]- 2946'4 

.75060 

•29054 

2-44041 

1-32839 

•77022 

•29813 

2-50339 

1-36267 

•79009 

-30583 

2-56717 

1.39738 

-•81022 

•31362 

2-63175 

1-43253 

•83060 

•32151 

2 69713 

1-46812 

.85124 

-32950 

2-76332 

1.60415 

•87213 

.33758 

2 - 830.30 

1 -.54061 

•89327 

•34577 

2-89809 

1-57761 

-91466 

-35405 

2 96668 - 

1-61485 

.93631 

.36243 

3-03608 

1-65262 

•95821 

•37090 

3-10627 

1 -69083 

•98037 

•37948 

3-17727 

1-72948 

1-00277 

•38815 










0 132 ) 

SLIGHTLY TnBKEODLA.TED— (coticiuM). 


O 

S 

S 


o 


900 

910 

920 

930 

940 

950 

9G0 

970 

980 

990 

1000 


7 

8 

9 

10 

12 

YaUtc of m. 

•00752 1 

•00733 

•00719 

•00706 

•00680 

Head of water in feet. 

G-49879 

G 64401 
G-79084 

G 93927 
7-08930 

7 24094 
7-39418 
7-64903 
7-70548 

7- 8G354 

8- 02320 

3-24907 

3-32167 

3-39608 

3-46929 

3-64430 

3-62011 

3-69672 

3-77414 

3-85236 

3- 93138 

4- 01120 

1-76866 

1-80808 

1-84804 

1-88843 

1 92926 

1- 97053 
201223 

2- 05437 
2-09695 
2-13996 
2-18341 

1-02544 

1-04836 

1-07162 

1-09494 

1-11861 

1-14254 

1-16672 

1-19116 

1-21684 

1-24078 

1-26597 

•39692 

•40679 

•41476 

•42383 

•43299 

•44226 

•46161 

•46107 

•47062 

•48028 

•49003 


Strains on Tie -r^ST^^ Arched^ ^ 

Strajks on tie-hods in lbs- 


Anon. 

Span, 

feet. 

Blse, 

feet. 

n 

8 

u 

H 

9 

1 h 

10 

2 

12 

2^ 

12 

3 

14 

3 

16 

4 

18 

H 

H 

20 

24 

5 

24 

6 

30 

6 

30 

7 



Bofls, 2 feet 
npnrt. 


1,176 

1,298 

1,572 

1,535 

1,735 

1,601 

2,012 

2.103 
2,363 
2,759 
3,460 

3.104 
4,404 
4,028 


Boas, S feet 
tvpart. 


1,763 

1,949 

2,359 

2,303 

2,603 

2,402 

3,018 

3,165 

3,630 

4,138 

6,176 

4,656 

6,606 

6,042 



Arched thrust is taug— * 

„„ outside 6 f Uitu the upper 60» of the »rc. 

^eHo att, Wii usuun, adopted to save oaleuletrons. 



Gallons per minute. 


( isi ) 

SLIGHTLY IDBEECDLAIED— (conlintKti). 


Diameter of pipe in inches. 



7 

8 

9 

10 

12 


Ynlue of m. 


•00752 

•00733 

•00719 

•0070G 

•00G80 


Head of water in feet. 


1-69771 

-84877 

•46201 


•10869 

470 

1-77232 

•88G07 

•48232 


•10825 

480 

1-84866 

-92418 

•60306 


.11290 

490 

1-.92637 

•96309 

•52424 

■30396 

•11706 


2-00580 

1-00280 

•64585 

.31649 

•12251 

K 

2-08G83 

1-04331 

•66790 

.32928 

.12746 

B n 

2-1G947 

1-08463 

•59039 

-34232 

.13260 

B A 

2 25372 

1.12675 

•613.32 

•35561 

•13766 

■i ' il 

2-3395G 

1.16967 

•63668 

-36916 

.14289 

soo 

2-42702 

1-21339 

66048 

-38296 

.14823 

500 

2-51008 

1 25791 

1 -68472 

•89701 

.15367 

570 

2-G0G74 

1 30324 

. -70939 

•41131 

.16921 

580 

2-G9900 

1 34937 

•73450 

.42587 

•10485 

590 

2-79288 

1-39630 

•76005 


.17068 

coo 

2-88835 

1-44403 

•786C3 

.45575 

•17641 

CIO 

2-98543 

1-49257 

•81245 

•47107 

•182.34 

f.20 

3-08412 

1-54191 

•83930 

.48664 

•18837 

C30 

3-18441 

].5'.I205 

•86660 

.50246 

•19449 

G40 

3-28G30 

1-64299 

•89432 

•61854 

•20072 

G50 

3-38980 

1-69473 

•92249 

•63487 

•20704 

GOO 

349491 

1-74728 

•95109 

■55146 

.21.346 

C70 

3-GOlGl 

1-80063 

•98013 

.66829 

•21998 

GSO 

3-70993 

1-85478 

1-00901 


.22659 

G'.IO 

3-81985 

1-90973 

1-03952 

1 S S 

•23330 

700 

3-93137 

1-96549 

1-00987 

m 

.24011 

710 

4-04450 

202205 

1-10006 

.63818 

•24702 

720 

4-1592.3 

2-07941 

1-13188 

•66628 

•25403 

730 

4-2755G 

2- 13757 

MG354 

•67464 

•26114 

740 

4 -.39350 

2-19653 

1-19564 

•69325 

•26834 

7.00 

4 -.51 3115 

2-25030 

1-22817 

•71211 

•27.564 

7G0 

4-G.3420 

2-31 G87 

1-26114 

•73122 

•28304 

770 

4-75090 

2-37824 

1'2945'4 

.75000 

•29054 

780 

4-8SI31 

2-44041 

1-32839 

•77022 

•29813 

790 

5-00728 

2 '.50339 

1-302G7 

•79009 

•30583 

800 

5-13485 

2..5G7I7 

1.39738 

•81022 

•313G2 

610 

5-2 G 4 02 

2-03175 

1-43253 

•83000 

•32151 

820 

5 394S0 

2G9713 

1-40812 

•85124 

.32950 

8.30 

5-.527JS 

2-TG332 

1.50415 

•87213 

•337.58 

840 

5-nG117 

2-83030 

1 -.54001 

•89327 

•34.577 

8.'0 

5-79G7G 

2-89809 

1-57761 

•91406 

•35405 

SCO 

5-9339G 

2 9GGG8 

1-01485 

.93631 

•36243 

870 

G 0727G 

3-03008 

1 -0.5202 

•95821 

•37090 

sso 

G-21317 

3-10027 

1*09083 

•98037 

•37948 

890 

J G-.3.5518 

3 17727 

1-72948 

1-00277 

•38815 











( is4 j 


log 2 
2 log 2 
log 43 
add 

log 175 

log = log I'OO 


= 0-30103 
= 0-60206 
= 1-63346 
2-23o52 
= 2-24303 
= f 99249 


Theu total load on two planks 
= 2 X I X 112 (Table I.) 

+ 2x|xix52 (Table III.) 

= 77 +. 9-75 = 86-75 

andW = ^= 43-375. 

In Deflection— 'From Formula III.— 
For teak = 

175 * 

Here b = 4-5, L = 2, W = 43, 

From Table, page 104, it is evident 
planks are amply strong enough. 


Joists. 


log 1445-2 
log 36 

log 200 

log bd^ — log 262 


log ]445’2 
log 6 

log 180 

log bd^ = log 48-1 


W = 6 X 2 X 112 + 6x2xjx52 
+ 6 X (say)?ypX 62, (Table TIL) 

= 1344 + 156 + 45-2 = 1445-2 lbs, 
L = 6 feet. 


= 3*15987 
= 1-55630 


In Deflection — From Formula III. 

WL* 1445-2 X 6’ 


For sal hd^ ■. 


4-71617 
= 2-30103 
= 2-41614 


= 262, 
5" 


200 200 

See Table, page 104, and h = 2", d 
will do. 

In Transverse Strain — From Formula 


= 3-15987 
= .77815 
3-93802 
= 2-25527 
= 1-68275 


III.— 

For sal bd^ = 


WL . 1445-2 X 6 


= 48-1. 


180 180 
See Table, page 106, b = 2", d = 5" 
will do. 


Make joists therefore 2" X 5".* 

FTote . — It is generally sufficient to cal- 
culate Joists, having a breadth of 2 
inches- for transverse strain only. 


dirder. It generally be cheaper to use a 

rolled iron beam than to build up a 
girder. 

» It can be proved that when the same timoer is used for boards and joists a floor is most econo- 
niically designed for deflection v.'hen the amount of timber in the planking is onc-UaU that in the 
joists. The same remark applies to a planked roof on common rafters. 





( ) 





— 

rr - U-'^O 
rr ‘' ■'■-> 
r- 

r: C C'^JVS 
; - : ‘MV V$ 
rv ' u ;^'3 
r,'. i J’-"*! 


Th?fj Fornuilfl VJI. — 

W = lil'* '"li 

/ X (Tf- r) 

Hrr,‘ C nr K.OhO )!,.!. (Tnl>l-:« IV.) 

/ = :.'{ X 12 C= 2SS iachcs. 

d r = = D (M- VI I.) 

Th.a W 

2 '? >(: y 
= 2.V-5DO W :. 

I,'- 1 h .'•.!■?;•.{ thr? f.nnie ft'? In^forc, i !*.. 
12, ! {') !i •■<., t>: t.-irilir.*- .n* dc.-ijcn'xi alv^ve 
i- t.'-> An 'tl'.'.T .‘'‘vctw:! iiia-it 

th'Tvf'tr'’ I-' It the .nriglc-inni.-i 

^:e 2- ' X '2V X -sV 

f AVer;:;;.: x ?/, ftJul thec.ikii- 

w.»rh‘'i (>t!t t\< nk>ve, it 

vtill fo'K'vl t!:-*.*. .n girder of this 
{<■ r:>int'::‘.-:'.tly .“tO'ng, 

Vt'!:--;! th.e c 'Vt-r or Ufh are in 

jjfT'' th.*.!', n;i“ |■•i«x•■.^ it will n‘.'CCr ?nrj 
to tli-' cover jdecoj? ntul rivets 

fit I’le j.'int,'!, Tlii-^ can gctiemlly, 
Itowevor, lx lift to tJic juanufcicturcrs ; 
h’.tt if nnv one wi'lu's to them 

him' ‘If. he is reforrcil to the Ch.-iptor 
on BniU-ni) Girvlers, in “ Ilrny or. 
Cur.sinictior.." 



( 135 ) 

L - -’i 
W = 


log 18000 

= 4*25o27 

See Ti 

K : 

log 24 

= 1-38021 

. 

= 5'G3348 

* 

log 2240 

= 3-35024 

The n 

log K = log 192 

= 2-28524 


log 19440 

= 4-28780 

foo 

log 24 

= 1-38021 

Tlic::’ 


= 5-GGbOl 


log 2240 

= 3-35024 


log K = log 208 

= 2-31777 



log 18 


log 5-25 
log 30600 
log 16-25 


log 4-25 
log 162yS‘ 
log 12 


log C'Tt 
loglKi 



( ) 




I.t; CH'J-: 

H: 

l<v: 

!c)^: 


lo;; 

’-M 

lofc 22«0 
lop 150 


of 0 fr. t St, 

l•’;Ig£h of ‘ittch a 



G 

12 X (2^ 4- y.) 

X 1; 

X ‘28 

(Tnh!.. 

in.) 



tr: G:. U' 




Ih-:. K } - 

= r>i9f> + r>--i 

I y 05 


4. z:z 'I'lin, 



fc.fth«-r j!i of th'i 

Tfthl- 

' ‘dio*.vs 

thr.t thit 

41 wiii do. 




r-s eh'r/j've 2’ x 

.r X 

‘ . • 

I.!v>- ! *7, 1 

= 21 >: 

0 X 

112 


r= IG,I2i 

’ ii'i. 


W r; gh t of 2. 

.'.ggfng =r L' { :< 0 


X ir.G 


= 2, SOS' 11)1. 


». *» 1 

= 22 x 

IfiP-! 

(mini 


n!'ov,?) 

= ‘M'.r.ii ib..i. 

„ „ T'iro:i=' = i.'2 x G't (fmtn 

= 1,-5J)0 !}>?. 

Tii-rt t.'tftl lo7v.i t‘xcltj?ivc of of 

inni t:j pinI'T 

= uiiDs L'm + 4sr>G -f 1-130 
== 1 !'^. 

'I’lu n Tnl'!-', 110. 

K rr:^ \V K L. 


i-r.'j'v.'i 
r» *1 * ^***-* 


:n- 173 IS 

; 0-35021 
. 1 •203 15 


ntul 

.*. K 


24 fi'-'t. 


2172 2 X 21 
2210 


= 2GC. 


l-'rotn tho Tnble it would nppc.ir tlmt n 
rolled iron iK’nni weighing G2 lbs. per 
foot nm is snitnhh'. 

Weight of such ft hcam 
=r 02 X 2-1 = l,‘tS8 Ih?.. 
nnd correct value of K 

= 2 GG + ~|rf^ = 

= 281 - 9 . 



{ ) 


Thn^ ft of thiji rccthn j*i too strong. 
A s<'Ctton intipt Uit-refore bo 

H thi^ tnver {>lfttos nro made 
7 ' K ftfsd th'j calculntions workod 
'n'.it ftjvijri ft*! it will 1)0 fontui that 

ft i.rird>T of thi') 'sretion is suniciontly 

i iji' ft t th*' nid of Example I, 

ftpp!i'-< f piftlly in this case. 



( 139 ) 


log 18 

= 1.25527 

3 


= 3.76581 

log 9 

= 0-95424 

log 52490 

= 4-72005 

log 17'25 

= 1'23802 


3 


3-71400 

log 2-73 

= 0.43933 

log 14230 

= 4.15339 

log 16*6 

= 1-21748 


3 

3-65244 


log 5-25 

= 0.72016 

log 23590 

= 4.37259 

log 11.25 

= 1.06100 
3 

3-16300 

log 0-75 

= 1-87606 

log 1068 

= 3.02806 

log 288 

= 2-45939 

log 9 

= 0-96424 

log denominator 

= 3.41363 

log 8 

= 0.90309 

log 8960 

= 3.96230 

log 1133.6 

= 3-06420 

log numerator 

= 7-90969 

log denominator 

= 3-41363 

log 31360 

= 4-49696 


A flu-tber inspection of the Table sbo^vs 
that a larger section must be used. 

Make therefore 18" X 7" toeighing 75 lbs. 
per foot run. 

■If a biiilt-up girder is to be used, then 
the following calculations must be 
made. Assume the gii'der to be of 
tbe form shown in Section IV., Table 
VII. 

Depth of girder = ^ X 24 feet 
= 18 inches. 


Assume angle-irons to be 3" X 3" X f", 
and cover plates 9" x the web 
being ^-inch thick. 

Then from Table VII.— 


I 


Id^ - + bff) 

12 

9Xl8’-(23Xl71»-t-5Axlf,4»+5XlU=) 

12 

62490 - (14230 + 23690 + 1008) 

12 


62490 - 38888 
12 


1.3C02 

12 


1133-5. 


Then Formula VII. — 

•m 8 X 0 X I 

— Z X (ri - -y) 

Here c = 8,960 lbs. (Table IV.), 

Z = 24 X 12 = 288 inches, 

d - v = d (Table VII.) 

Then W = 8 X 89G0 x 1133.6 
288 X 9 

= 31,350 lbs. 

= safe load which this girder 
will support. 

The actual load will be much the same 
as before, i.e., 

= 24722 -p 1488 = 26,210 lbs. 



Common 


lest 7'llS 


leg lOoO 

leg 200 
leg £05 
leg 7‘11? 
leg 1050 

log 150 
leg -il'O 



leg 5000 

l-.-g £00 
lest 005 


c U2 ) 

ilfti-l'e? iediens iJiirefon 1-^ ^ 

Ik Glmost all cases, it icdl be 
«#c>enf to calctdcds battens bn the 
deflection formida cnli/^ 

'^Y = 7*11S X 2*25 X 65 = l*0o0 lbs, 
(The 'weight of the frsmiug or roof tim- 
bers may sbvsys be safely omitted it 
makes no pro.ctical difference, and e 
calcnlation is tamblesome). 

0 -SC'S 40 Deflection — Formula HI. • 

S VTL’ 1050 S 7‘115^ 

For- sal bd^ - £00 

=:S-03HS = 266. 

t';S F»m Me. FSS= 

— Tran-^t'crse gj-rfliri— Formnla Hi. 

— 0'5H15 _ _ ^ AVL _ 1050 X 7-115 

0^7555 For sal bod ~ isO 

A" 



41*5. 


From Table, pag^' 1C>6, it 

than before. ^ 

3 £al'e common rafters S' X ^ • 

.X B— 1« cih^esJ cii coses it imll ce s-,- 
"ficient to calculate common rafters ou 

the deflection formula cnlt}- 

ren=A, ender niu-e*. 

Deduction — Formula Hi. 

aVL’ oieOJhi-H- 

' '£00 

S-I-1503 ^ 695. 

2-50105 _ . , 104 . it is scon that 

--gllSS From laole, 

, __ .3^ — 5-V' ^'.li * 

c*-,T;rt — Fcrmma Hi. 

iransi er::e . 

.. - , -x?" '•=. 2:ci; >''■ 

% V 3 rev-, — rr?t?crv,'-x- 

T- (v\:?bc rrr-CH ^ ruv:r^ t . 

, x,»r ?••* lr^ c- . *s .f »'' r-r'-*'- *• 

teri'X': 

tHis ^ '* 


1-05750 . r.. , 

■.?-i557S For sal oar 
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Roofs* 

Example III. Kieg-Post Tbess. (Plate I.) 

A roof is to be constructed with a King-post Truss, the clear span being 
24 feet. The trusses to be 6^ feet apart, and the common rafters 2\feet 
apart, each from centre to centre. Timber, sal loood. Roof covering to be 
double Allahabad tiling, on battens 1 foot apart from centre to centre. 
(Slope ofroof2Q° 35 ', or 1 in 2. Walls 18 inches thick. 

Then Span of Truss = 24 + 2 X 1^) = 25 ^ feet. 

(See Plate I., Fig. i,). 

Construction of Diagram. Make AB = 25^ feet. 

Bisect AB in D. 

' Erect perpendicular DC, making DO = 

iAB. 

Bisect AC and BO in E and F, 

Join ED and FD. 


Battens. 


Weight of double 
Allahabad til- 
ing reduced to 
normal 


=30 lbs. (Table III.) 


Wind pressure i 
normal to a roof / =35 lbs, (page 98).* 
sloping \ ) 

Total, = 65 lbs. per s. ft, 

W = 1 X 2^ X 65 =T46 lbs. 

L = 2’25 feet. 


log 2'25 


log 146 

log 200 
log 369 

log 2-25 
log 146 

log 180 
log 1'82 


= 0-35218 
2 

0-70436 
= 2-16435 
2-86871 
= 2-30103 
= 0-66768 

= 0-35218 
= 2-16435 
2-51653 
= 2-25527 
= 0-26126 


Deflection — See Formula III. — 
WL» 146 X 2-26» 


For sal bd^ = 


200 


200 


= 3-69. 

From Table, page 104, it is seen that 
b = ly, d = ly -will do. 

Transverse Strain— ^See Formula III. — 


For sdl 6d3 ^ ^ 

From Table, page 106, it is seen that 
^ = ly, d = ly -will do, a less result 
than before. 


this C 5 « desirable the -ffini pressnre may as czplalne^l on page 09 be reduced to 30 lbs. ia 
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) 


log 6-75 
log 3060 

log 180 
logir4.8‘ 


= 0’82866 
= 3-48572 

= 2-25527 
= 2^05910 


3060 >c 6*7fi 
180 


sal 3^/2 ^ 

180 = 

From TablT^^^'^‘ 

/“«)t than before ’ “ 

to calcuZ ‘‘’"‘llie.uf- 

-fabJe, page 10« f 

'»«■»? oalcuIabC; 

of double 1 ^ JBade.;^ 

».Or„-av 

" ( IF J. «’ \ 

Wie. 

firessore, "» I); 

smiy 

«■"». except 

*» tte feVi ‘ - -a-?; 
b ne^hr^. ^ ' ^-^.r s : '■,> /" 

Tie eb-j-,^ , _ 

sfeso, - "■’'* fc- 




1^82 

6700 

12100 


= 0:26007 
^ 3-82607 
= 4^08614- 




*. i 










of/.p' , 










log 1'88 
log 8600 
log 16160 


log 2680 
log 6*1 

log 180 
log 90‘8 
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Formula (®) — 

P=^(5W + f)co3ec6, 

This formda mtli a Bonnal v,mi pres- 
sure inoluaed in W gives a result 
somewhat larger .than the true one ; 
as there is no ceiling on tie-heam m 
may he negleoteS, so may weight ol 

framing. 

0.27415 Tlien W = 69 X 18.3 x 
: 3.93449 = 8,600 lbs., 

: 4^.20864 j -D __ A y 8600 X .cosec 26° -3.5 
and jr « — - g 

?= a’88 .X 8600 
.= J.6,150 lbs. 

The principal .ratters 'are .supported ^ a- 
toL by battens at 1 foot central 
‘Tvals, so that length is between 
1 and 8 times least sectional dimen- 

,sion,.and Formula V., 
p = S X c. 

-j.oa,s 61 ,c = 1210 (Table IV.) 

1 j _ = 13*3 W* 

Iben S = — 1210 _ 

Transume SWin-Formnla HI.- 

-pov^&\bd^=^ oRRO lbs 

= 6-1 X 6-75 X 65 = 2,680 lbs. 


: 3.42813 
: 0.78532 
^21^5 


h = 6-1 

2680 X 6-1 _ 

5^2 = fgo 

2 - 2 ^ No^ 9.-1 o« satisfies equation <1^. 

1-95818 6 = 2-13 “ (iiy 

frrr 

„^Applkd MecUmcs,’ Vcl. /.. P 3 

c\o"\ Oft7 
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Example V. {Plate II.) 

An Iron Truss over a clear span op prom 12 to 26 feet, 

A roof IS to be consti'iicted over a Barraclc with a clear internal span of 
24 feet ; the truss to be of the form shown in the diagram, and the shape 
to be as described in the “ Construction of Diagram ” below. The trusses 
to be at 6| feet intervals, and the purlins, common rafters, and battens to 
be of sal toood : the common rafters being 2|- feet apart from centre to 
centre. The principal rafters to he of T-iron, the struts of angle-iron, 
and all the tie-rods of round bar-iron. The roof covering to be of double 
Allahabad tiling, and the slope of the roof to be 26° 35', or 1 in 2. 
Walls 18 inches thick. 

From the above it ■will be seen that the roof will, in all respects, except 
the truss, be the same as that given in Example III. 

As in Example III. — 

blabe the battens, ••• ••• ••• 1;^ X 1^ » 

,, „ common rafters, ... ... ... 3" x 4^". 

„ „ purlins, X 5". 

Also, as in Example III., the span of the truss will be 25^ feet. 

{See Plate II.) 

Construction of Diagram. Make AB — 25^ feet. 

Bisect AB in 0. 

Erect perpendicular CD = ^ AB. 

Join AD and BD, and bisect them in E 
and P. 

Draw EGr and FH perpendicular to AD 
and BD. 

Make EG and FH each = AB (or 
nearly so) [= (say) 2|- feet]. 

Join AG, GD, BH, HD, and GH. 

Then—~ 

AD and BD are principal rafters. 

EG and PH are struts, 

AG,GD, BH, HD, and GH are tie-rods. 

Let W = the entire weight of the half 
truss with its load. 

It will be sufficiently accurate for the 
purposes of this calculation to assume 
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Strap and bolt at 'foot of prin- 
cipal rafter. 

log 1-66 = 0-22010 

log'SGOO = 3’9M4g 

log 14260 sr 4'15459 


Formula IX. (J) neglecting te, 
Tension on tie*beain = {i W cot 0, 


= 4 X 8G00 X cot 2G'’ 35', 

G 

= l-GG X 8600 = 14,260 lbs. 
Foimula XI. Section of lied strap 


V _ 142G0 

“ ^ “ 2 X 11200 


(Table IV.) 


Then S = 0-631 square inch. 
Make strap 1|" x 


From Formula XII. — 


Diameter of bolt = 


tenpiou on tic-benm 


i X § c 

Here tension on tie-beam = 14,260 lbs. 
b — breadth of principal rafter, 

= 4-5 inches, 
c = 1210, sfil (Table IV.) 

M2G0 ___ 142G0 
4-5 X 2'obb ~ 9000 


Diameter of bolt 


= 1-58 inches. 
Afalce bolt 1^" diameter. 


Abstract of Scantlings, 


Battens, ... 

2V X 3V' 

Principal rafters, ... 

4" X 6|-'' 

Tie-beam, ... 

di" X Gf' 

Strnts, 

4^ " X 4.V 

Queen -posts, 

C?i-" X 2f 


(double). 

StrJiiniug beam 

X 6^-" 

Straining sill. 

2" X 41" 

Straps at heel of principal 


rafters, 

ir X r 

Bolts do., do,, 

Ig" diam. 

Bolts elsewhere, ... 

11" 

M 

Straps at feet of Queen-posts, 1§-" x 
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Principal Rafter. 


The diagram is now complete. The 
length of each line in the diagram 
measured off on the scale will give 
the amount of stress on the part of 
the truss which it represents. 

By measuring off these lines, it is found 
that the amount of stress in 
Ai = 15,250 lbs, compression. 

Aj = 13,650 ,, ,, 

A 3 = 3,000 „ „ 

Cl = 13,800 „ tension. 

Cs = 6,160 „ 

G 3 = 7,950 „ 


Assume h — 3‘Oi. Then TablelT., page 


120, R = 


length 

3.04 


Here length of principal rafter = 

7*118 X 12 = 86 inches ; and greatest 
compression = Ai = 15,250 lbs. 

Then R = ^ = 28. 

With this value of R, 
a = 7103, and S = '^'’ = 2-18. 

Prom Table I. it is seen that a T-iron 
3^" X 3|" X f " has the required area 
of section with the value of h assumed 
above. 

Make principal rafters 3^" X 3^" x f 


Strut. Assume h = 1'06. 

Length of strut = 2*5 X 12 = 30inches. 
Compression on strut = 3,000 lbs. 

Then R' = = 28-5. With this 

value of R', Ci = 4300 nearly ; and S 

_ = *700. Prom Table I. it is 

“ 4300 

seen that an L-iron 1|" x 1^' X 1|-" 
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Diagram of Forces. 


that W is equally distributed along 
the principal rafter, and therefore that 

^ is borne at D, ^ at E, and ^ at 

A. Also as W is partly made up of 
wind pressure, taken as acting with its 
normal component vertically, this will 
give a result somewhat in excess of 
the true one, and thus in estimating 
W, the weight of the framing and 
timbering may be safely neglected, a 
great saving in trouble. 

From Example III., W = 6,700 lbs. 

Construct a diagram of forces as follows 
(see 'Fig. 2, Plate II.) : — 

Draw a line parallel to E, (^Fig, 1^, and 
on it, on any convenient scale, in this 
case 4,000 lbs. = 1 inch, set off W 
= 6,700 lbs. 

First take the forces at A. From one 

end of B, set off ^ = 1,675 lbs. 

From the end of this draw Aj parallel 
to AE, and from the other end of R 
draw Cl parallel to AG. Produce Aj 
and Cl until they meet. 

Secondly, take forces at E. From the 
point where Ai meets R, set off along 
w 

R a length — = 3,350 lbs.; from this 

point, and from the other extremity 
of Ai, draw A 2 and A 3 respectively 
parallel to ED and GE. Produce 
them until they meet. 

Thirdly, take forces at G. From the 
upper extremities of R and A 3 , draw C 3 
and C 2 parallel to GH and DG, respec- 
tively ; produce them until they meet, 



' 

'13800 =. 0-60203 

= 4 : 04 m 

Subtract " 4 -^ 

® 2J0]9557 

=2!^8 

= 0-60206 
'^■^‘78332 

— ^•84636 
= 1:920^ 





'°«nottij.t„. 


^ofir -stro 





■ ^ H ' X 

3®-*“ °» ff=-3rr~ 

^onnaJa Ir.,_p = I8,«0S ii 
— ‘^ X f. 

^^^00 (Table ty , 

WoTr^illlSOO^ 

^ahe rod 11" ^ ^'^ 0 . 

diameter. 

oa t;e.3^^ 

As before 2^ _ 

'vsuafSr 

= .fiO 

roc? i" fi{ 

s diameter. 


^®nsion on +; 

" tie-rod C. ^ 

before 2r:=, 

^'950. '"*■'■ 

“«^e*e.ro£f 7'- -.. 

a?c-,7?rr-, 

JBattezjs, 

5°«“oarei,„., ■■ 

Prfn<-.:-_ ' • - ■ 
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draw A 4 and Ag respectively parallel 
to EJ and EF, and produce these 
lines till they meet. 

Thirdly, take the forces at J : — 

Prom extremity of A 4 draw C 4 parallel 
to FJ. The line between the point 

W 

where C 4 cuts Ci and extremity of — 
represents Cg. 

Fourthly, take the forces at P ; — 

From the junction of Cg and O 4 draw 
As parallel to KP, and from extremity 
W 

of --- draw Ag parallel to PD. Pro- 

duce them till they meet. 

Fifthly, take the forces at K : — 

Prom the point of junction of Ag Ag, 

W 

and from the upper extremity of — , 

draw Cg and Og respectively parallel 
to DK and KM, and produce them 
until they meet. 

The diagram of stresses is now complete. 
The length of each line on the dia- 
gram measured off on the scale will 
give the amount of stress on the part 
of the truss, which it represents. 

By measuring off these lines, it is found 
that the amount of stress in 


Ai = 20,800 lbs. compression, 

Ag = 19,500 


33 

Ag = 15,000 


33 

A 4 = 2,550 

n 

33 

A 5 = 3,850 

3> 

S3 

Cl = 18,800 

33 

tension. 

Og = 15,200 

33 

33 

Cg = 10,900 

33 

53 

C 4 = 3,600 

?3 

33 

Cfi= 5,800 

33 

33 
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Common RafterSi 
logTi 


log 880 

log 200 
log 163-8 


Purlins. 

log^TS 


log 2690 

log 200 
log 613 


Diagram of Forces. 


=3 0-78532 
2 

l-5706i 
= 2*94448 
4-61512 
= 2-30103 
= 2-21409 


W = 65 X 2^ X 6*1 = 880 lbs. 
Deflection — Formula III, — 

For sal hd? = 


880 X 6-ia 
200 


163-8. 


See Table, page 104, and 
Make common rafters 2|" x 4". 


W = 65 X 6*1 X 6-75 = 2,690 lbs. 
0-82930 Deflection — .Formula III, — 

I'^e^ For sal h(P = 

3-42976 

6-08^ _ 2690 X 6-76® 

2-30103 200 ~ “1^* 

^''^^732 See Table, page 104, and 

Make purlins 4^" x 5^". 

The remarks made in Example V. re- 
garding W apply equally in this case : 

is borne at A, — at E and F, and 
-g- at D. 

The value of W is the same as in Ex- 
ample IV., i.e., 8,600 lbs. 


Construct a diagram of forces as shown 
in Fig. 2, Plate III, as follows 
Set off R = W = 8,600 lbs., on a 
line parallel to R on a scale of 5,000 
feet to the inch. Divide this line 

into four parts ^ W w w 
6 ’ 3 ’ 3 ’ T* 

First, take forces at A, Fig. 1 : 

From upper extremity of ^ draw Aj 

parallel to AE, and from upper extre- 
mity of R draw Cj parallel to A J, and 
produce these lines until they meet. 
Secondly, take forces at E, Fig. 1 
From the extremities of Aj and ^ 

3 
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Tie-rod Ci. 
log 4 
log 18800 

log 3-1416 
log 14000 

Subtract 
log 1-32 

Tie-rod C2. 
log 4 
log 16200 

log denominator 

log 1.18 

Tie-rod Qg. 

log 4 
log 10900 

log denominator 

log 1*00 

Tie-rod G4. 

log 4 
log 3600 

log deno m inator 

log .58 

Tie-rod Os. 

log 4 
log 5800 

log denominator 
log -731 


page 120, and as the strut is partially- 
feed, 

Malce strut As 2" x 2" x !•". 


= 0-60206 
= 4-27415 
4-87621 
= 0-49715 
= 4-14612 
4-64327 
2J 0-23294 
= 0-11647 


From Formula IV., P = S x i. 
Here P = 18,800, 

t=z 14,000 (Table III.) 


Then S = 
Therefore 2r 


18800 

14000 


= a-r- 


_ / 4 X 

J 3-1416 


18800 


X 14000 

= 1-32. 

Mfihe tie-rod If" diameter. 


= 0-60206 
= 4-18184 
4.78390 
= 4.64327 
2J0-14063 
= 0-07031 


As before 2r 



4 X 16200 
3.1416 X 14000 


= 1'18. 


Make tie-rod 1|-" diameter. 


= 0.60206 
= 4-03742 
4-63948 
= 4.64327 
2; 19962,1 
=1-99810 


As before 2r 


=/ 


4 X 10900 
3.1416 X 14000 


= 1 - 00 . 


Make tie-rod 1" diameter. 


~ A 1 f O / 4 X 3600 

= 3j65630 As before 

4*1 583.6 _ 

= 4-64327 “ 

2 Make tie-rod f diametei . 

= 1-76254 


= 0-60206 , — 

= before 2 ?- =J 3-14,16 14000 

= 4-64327 = '^^l. 

2jil-72221 Make tie-rod f" diameter . 
r-861IO 



Principal Rafter. 


Strut A4. 


Strut A5. 
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Assume 1i = 3‘04. 

1J,0, it ~ g . 


Then Table II., page 


Here length = 6*1 x 12 = 73 inches. 
And greatest compression Aj = 20,800 
lbs. 


Then R = - 5 -p^ = 24. With this value 

o*Ux 


of R, Cl = 7,517 X fibs. = 9,400 lbs.. 


and S = 


20800 

9400 


= 2 > 20 . 


From Table I. it is seen that a T-steel 
3^" X 3^" X has the required area 
of section irith the value of h assumed 
above. 

Make principal rafters Zy X 3^" X f 


Assume Ti = 1-OG. 

Length of stmt = 2 x 12 =. 24 inches. 
Compression on A 4 s= 2,550 lbs. 

Then R' = -^ = 22’6. With this 
1’06 


value of R' Ci = 5,255 X f, and S = 


25.50 

6550 


0-386. 


From Table I. it is seen that an L*steel 
1^" X ly X y has the required area 
of section with the value of 7t assumed 
above. 

Make strut A^ 1^" x 1^" X 


Assume 7i = 1-41. 

Length of strut = 4| x 12 = 54 
inches. 

Then R' = ^1- = 38-2. With this 

value of R' Ci = 3,062 x f ; and as 
compression of stmt As = 3850. 

Then S = i.qo. See Table I., 
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Example VII. {Plate IV.) 

Irok Truss for a Roof of over 60 feet span. 

A roof with an Iron Truss of the form given in the diagram is to be con- 
structed over an Artillery Gun-shed, with a clear internal span of 12 feet, the 
walls being 3 feet thick : a truss to be over each pier, and one over the centre 
of each arch, the intervals being therefore 6 feet from centre to centre. The 
principal rafters to be of If -iron, or of two angle-irons, back-to-back ; the 
struts of angle-iron ; and the tie-rods of round bar-iron. The battens, 
common rafters, and purlins, to be ofsdl wood, the battens being at Ifoot 
intervals, and the common rafters at 2 feet intervals, from centre to centre. 
The slope of the roof to be 26° 35', or 1 in 2, and the roof covering to be 
single Allahabad tiling. 

The clear span of the truss will be 72 + 2 Q x 3) = 75 feet. 

{See Plate IV.) 

Construction of Diagram of Make AB :=i Z7^ feet. 
hnlfmtruss^^^^^^^^^^^ Erect perpendicular BC = ^ AB. 

Join AC, and divide it into four equal 
parts in D, E, F. 

Drop perpendicular EH = fj- x 2 AB 
(or nearly so) = (say 6f feet). 

Join AH, HC, drop perpendiculars DGr 
and PJ, and join HE, E J. 

Draw HL parallel to AB. 

Then — 

AC is the principal rafter. 

DGr, EH, and FJ are struts, 

AC, GE, EJ, JC, GH, HJ and HL 
are tie-rods. 


Battens. 


Weight per square foot of single Allah- 
abad tiling reduced to normal roof 
sloping ^ (Table III.) := 15 lbs. 

Wind pressure normal on a 
light roof sloping^, see re- 
marks, page 99, = 18 „ 

Total = 33 „ 
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Abstract of Scantlings. 


Make : — 

Principal raftei-s, 3V' x 3^' x T -steel. 
Strut EJ, ... ll" X IV' X f L- 

„ FK, ... 2" X 2^ X V' n n 

Tic-rods AJ = If" round steel. 

„ JK = If 

„ KM = 1" 

JF= r 

„ r>K= -r 



( 3 ), Weight of half truss. 

Then W = 42 x 6 x 35 (17 + 18) 
+ weight of half truss. 

Now weight of truss = 1| times weight 
of principal rafters (approximately). 
Assume principal rafter = 4" X 4 X ^ 
in section. 

Then weight of half truss = 42 .X. 

X (4 + 3 i) X I X ’28 (Table III.), 

und W = 8820 + 529 
CS 9,349 lbs. 

The might ttey be considered os uni- 
formly distributed along the principal 
rafter, or that 

— is borne at A. 

8 

W each of D, E, F. 

T ” ” 


w 

8 




c. 


Constoict n diagram ot torees as shown 

on Fig. 2, 

On any contenient scale, in this case 

0,000 lbs. a. one inch, draw a hue ft 

paraUel to ft. Fig. 1, 

Ltance = 9,849 lbs. Dmde this 


♦ . !,« 


"W 4 ty cViown : 


Isf, Take forces at A : From upper 
extremities of E and diaw 
Cl and Ai respectively parallel 
to AG and AT), and produce 
these lines till they meet. 

2nd. Take forces at E.-Erom ex- 
tremities of Ai and draw A 5 
and M respectively parallel to 
GD and DE, and produce them 
until they meet. 
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Com mon Rafters. 
log 10'6 

log 691 

log 200 
log 381 

Purlins. 


log 6 

log 2080 

log 200 
log 375 

Truss. 


Then W = 1 X 2 x 33 = 66. 


Deflection — Formula III. — 


For sal bd^ = 


WL^ _ 66 X 2’ 
"200 200 


= 1-32. 


See Table, page 104, and 
Malce battens 1" X • 


1*02118 
2 

2-04236 
= 2-83947 
4-88183 
= 2-.30103 
= 2-58080 


Length of rafter unsupported = 10^ feet. 
Then W = 33 x 2 x 10^ = 691 lbs. 


Deflection — Formula III. — 


For sal bd^ = 


WL=> _ 691 X 10-5» 

"IM ■“ 200 


= 381. 


See Table, page 104, and 
Make common rafters 3" x 5". 


= 0-77816 
2 

1-65630 
s= 3-31806 
4-87436 
= 2-30103 
= 2-57333 


Length of purlin = 6 feet. 

ThenW = 33 x 10^- X 6 = 2,080 lbs. 


Deflection — Formula III. — 


For sdl is bd^ = 


WL» 

200 

2080 X 6® 
200 


875. 


See Table, page 104, and 
Make purlins 4|-" x 41". 


In considering the weight on one side 
of the truss, it will not be desirable 
in this case to neglect the weight of 
the truss itself, as it is of considerable 
size. Then W may be taken to be 
made up as follows : — 

(1) . Single Allahabad Tiling, 17 lbs. per 
square foot (Table III.) 

(2) . Wind pressure normal to a light 
roof sloping | = 18 lbs. per square foot 
{see page 99) taken as acting vertically. 
This is in excess of truth, and conse- 
quently weight of common rafters and 
purlins may be neglected. 
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Principal Rafter. 


Struts As = Aj. 


IMcasui'c ofT the length of each line 
on the scale, thus — 


Ai = 26,300 
Ao = 25,400 
Ag = 24,400 
A., = 23,500 
As = Ar = 2,160 
Ac= 4,200 
Cl = 23,800 
Co = 20,500 
C3= 11,400 
C4= 9,610 
Cs = 13,400 
Cc = Cy = 3,400 


lbs. compression. 

>3 

9f 

99 

99 

tension. 


Greatest compression is that on Ai = 
26,300 lbs. 

Table, page 120, assume 7/. = 3'35, 

Then E = - yg - - = 37. With this 
0*00 

value of B, Ci =s 6,256 lbs. 


Then S = 


26300 

6266 


= 4-18. 


No section of T-iron given in table cor- 
responds with these two values of h 
and S. 


Try 4" x 4" x then h = 3*80. 

R = = 33, and Ci = 6,550 lbs. 

Then S = = 4-0 square inches. 


A T-iron 4^'' x 4^" x has a sectional 
area = 4’25 square inches, which will 


do. Therefore 


Mahe principal rafters 4^" X 4^" X y'. 


Compression on each = 2,160 lbs. 

o w 2^2 

Assume h = 1'06. Then R = - 
= 34, and Cy = 6,467 lbs. 

Then S = ^ = *33 square inch. 
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Ti c-rod Cs- 

log ^ 
log 13400 

log (Icnommatov 


log 1-23 

'ric-rn d Cr. Qi^d 0?: 

log 4 
log 3400 


( 


= 0 G0206 

— 4-12710 
4-72910 

-= 4'r)463G 
2) 0-18280 

— 0-09140 


log denominator 


log •025 

AUu-nc.t of Scantling^ 


= 0-G020G 

- 3 53147 
4-13‘353 
4-54G3G 

2) T-58717 

— T-79353 
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Hei-e P = 13,400 lbs., 

, O _ / ~~4~X 13400 

and 3-1416 X 11200 

= 1*23. 

Make tie-rod G, Ij" diameter. 

Here P = 3,400 lbs., 

and 2 r = 


4 X 3400 
.141G X IISOO" 


•625 


3Iake tie-rods Cc and O 7 f" diameter. 


Make - — , „ ^ - 

Principal rafters, 4^" X 4^" X Tl T-iron. 

StrutsDG&FJ,irxH"xf;L-tron. 

eh, 2" x2" x^ 


Tie-rod AG, 

...ir : 

„ GH, 

...IV' 

„ HL, 

li" 

• »# A g 

„ HJ, 

...ir 

„ JC, 

...If 

„ GE. 

EJ, t" 


5> 

>> 

)* 
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Strut Ag. 


Tie-rod Ci. 

log 4 
log 23800 


log 3*1416 
log 11200 

Subtract 
log 1*65 

Tie- rod Cj. 

logT 
log 20500 

log denominator 

log 1*62 

Tie-rod C3. 

log 4 
log 11400 

log denominator 

log 1*]3 

Tie-rod O 4. 

log 4 
log 9610 

log denominator 

log 1>04 


From Table 1. it is seen that with the 
assumed value of h a sectit)n IV’ x 
IV' X has the area required. 

Make struts As a?if/ A7 l-V' x I V X 

Compression on strut = 4,200 lbs. 
Assume h = 1*50. 

Then R = = 62. 

Then Table II.. c, = 4,713 lbs. and S = 
4200 


4713 


= *89. 


From Table I. it is seen that a section 
2" X 2" X V 1>“S this area and the 
assumed value of 
Make strut Ao 2" x 2" x V'. 


= 0-00200 
= 4'37057 


From Formula IV., P = S x 
Here P = 23,800 lbs., and 

t = 11,200 lbs., (Table IV.) 
23800 


Then S = 


= 0'49715 
= 4-04921 
4*54636 
2;0-43227 


11200 


and 2r 


= s/. 


■ 4 X 23800 


3-1410 X 11200 
= 1*65. 


— 0-21613 Make tie-rod C, l£" diameter. 


= 0-60206 
= 4-31175 
4-91381 
= 4*54030 
2;0-30745 
= 0-18372 


Here P = 20,500 lbs., 

and 2r = /_i2L?2ii2L- 

n/ 3*1416 X 11200 

= 1*52. 

Make tie-rod Co 1 V' diameter. 


= 0-00200 Here P = 11,400 lbs.. 
= 4-06090 J 

4*66896 and 2r — ' 

= 4-54636 




2)0-1 1260 


-14)0 X 11200 
= 1*13. 


= 0-05630 Make tie-rod C3 1^' diameter. 


= 0*60206 
= 3-9827 2 
4-68478 
= 4*64636 


Here P 
and 2r = 


9,610 lbs.. 


4 X 9610 


1410 X 11200 
= 1*04. 


2)0 -03842 

= 0-01922 Make tie-rod C4 1^" diameter. 



( 166 ) 


Purlins. 
2 log T'o 
log I8fi0 

log IJ") 
log 722 


See Table, page 104^ and 
il/fli'fi common rajters 2|" x 4^", 


= 1*76012 
= 3-20961 
6-019G3 
= 2-10130 
= 2-85827 


W = 71 X 7^j X 83tV 
= 1,860 lbs. 
Deflection — 


bcP = 


WL’ 

146 


1800 X 7'5a 
145 ' 


722. 


See Table, page 104, and 
Make purlins 4^' x 5^". 


Principal Rajters. Tlie weight of roof covering is distri- 

buted as follows ^ at E, \ at H, and 
at C. 

Now weight of single Allah- 
abad tiling (Table III.) = 17 lbs. 
Wind pressure, the normal 
component, taken as acting 
vertically (page 99), =18 lbs. 

Total = 35 lbs. 


L sin 26® 30' 
log 4 

log 3960 
log 2220 


= 9-649o0 
= 0-60206 
0-26166 
= 3-69659 
= 3-34603 


Then W = 35 x 15 x 7^ = 3,950 lbs. 
Now the compression on the two prin- 
cipal rafters being entirely due to the 
weight acting at H, are necessarily 
equal to each other. 

Resolve vertically 

W 

and 2ci cos EHGr = — 


or Cl = 


3960 


4 X sin 26“ 30' 

= 2,220 lbs., 

and S = — , Formula V . 


Efere c = 700, Table III., 

8880 
700 

Make- principal rafter Zy X 3|". 


4 X 2220 _ 
and S __ — 


= 12 - 6 . 
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Example VIII, Verandah Koof. (Plates Y. and Y1.) 

A Roof has to he constnicted to the verandah of a family quarter : the 
arrangement of the timber being that shown in Plates XXXIX., XL. The 
principal rafters are T 6" apart, and the roof covering is single Allahabad 
tiling; the toood used is deodar. The xoidth of the verandah is 12 feet. 
Common rafters 2' 6" apart. Width of end verandah 10 feet. Slope of 
12-foot verandah roof 1 in 2. 

Spans of verandah roofs =; 13' 6" and 11' G" respectively. 

Projection at eaves = 2 feet from centre of Bressemer, in 12-ft. verandah. 

A. 12-foot Verandah. 


( See Plate V., Fig. {.) 

Construction of Diagram. Make AB = 12' + 9" + 9" + 2' = 15' 6" 

Draw BC at right angles to AB and = 
i AB. 

Join AC. 

Make AD = 2 feet, and draw perpen- 
dicular DE. 

Draw horizontal line EF, and bisect it 
in G. 

Erect perpendicular GH, and join HF. 

Then — 


,, Battens. 
log 2-5 


log 82 

log 145 
log 3‘5 

Common Rafters. 
log 7‘5 


log 618 

log 145 
log 240 


EH and HF are principal rafters. 
EF is the tie-rod, 

AC is common rafter. 


= 0-39794 
2 

0-79688 
= 1-91381 
2-71969 
= 216136 
= 0-5B833 


= 0-87506 
2 

1- 75012 

2- 79098 
4-54110 

= 2-16136 
= '2-37974 


W = 1 X 2^ X 33 
= 82 lbs. 

Deflection — Formula III. 

For deodar bd^ s= — 

145 

_ 82 X 2ja _ 
“ 145 “ 

See Table, page 104, and 
Make battens 1^" x 1^". 

W = 2| X 7i X 33 
= 618 lbs. 

Deflection — 


bd^ = ™ 

146 

_ 618 X 7'-!' 


115 


240. 



log filn 30° 30' 


Subtract 

log GO 
log 4;0'6 


( 168 ) 


=“•70497 

•68 

603976 ■ 
862486 
4088826 
•68 

•1711174 
= T-8288826 
= 1-77816 
— 1-60703 


Normal wind pressure 

1^84cos0““li QQ 

= Psm-9 • page 98, 
and P = 60 lbs. 

Then P^ = ^0-5 lbs., but as roof is a 
liglit one half this, t.e.j 20 lbs., may be 
taken ; and total normal pressure = 

35 lbs. nearly. 


Battens. 

= 0-39794 

log 2-6 

2 

log 88 

0-79588 
— 1.94448 
2-74036 

log 145 

= 2-16136 
= 0-67900 

log 3-79 


"W = 1 X 2^ X 35 = 88 lbs. 
Z}fi/?ec<mn— Formula III.— 

WL’ 

For deodar bd — 

88 X _ 3.79. 
— 146 

See Table, page 104, and 
Make battens, 1^" X • 


Common Ra fters. 
log 6-7 


log G8B 

log 145 
log 188 


. 0-82607 
2 

1.66214 
= 2-76715 
4.41929 
= 2-16136 
= 2-26793 


w = 2^ X 6-7 X 35 = 585 lbs. 
Deflection — Formula III.— 

For deodar d>rt° = 

685 X 6-7“ _ 188. 
== 145 

See Table, page 104, and 
Make common rafters 2^ x 4^ • 


Vrinniml Bafi^'>'^\ 

log sin 30° 30' 
log 4 

log 3340 
log 1640 


= 9-70497 

e= 0-60206 

030703 
= 3-62374 

= 3'^2Tm 


Wdng the distribution of 
before, 

W = 33 X 13| X 7^ — 


weight 

3,340. 


And as before— 

3340 

C\ — 4 sin 30® sd' 

= 1,640 lbs., 

and 

Here c = 700, T«Ue UI., 

4 X 1640 _ 6560 _ 9.37, 

and S = 

Make principal rafters 3x3- 


as 
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Tie-rod. 

L cos 26“ 30' 
log 2220 
log 4 

log 3'1416 
log 11200 

Subtract 
log -477 


= 9-9S166 
= 3-34503 
= 0-60206 
3-89875 
= 0-49715 
=■ 4. 04921 
4‘54636 
2j r-35239 
= r-67619 


Eesoire horizontally 
and T = Cl cos HFG, 

= 2220 cos 26° 30' 


, ft /4 X 2220 cos -^6“ 30' 
and 2r ■ ■3.i416x'ilW- 




Make tie-rod diameter. 


3, 10-FOOT Verandah. 

( See Plate V., Fig, ii J 

Construction of Diagram. Make EP = 10' + 9" -h 9" = 11-6. 

Erect perpendiculars KL and PC, KP 
being = 9 inches. 

Now the two verandahs' cut the wall at 
the same level. 

Make KL = KL in Plate V,, Ftg. i. 
And the eaves terminate at the same 
level. 

Make ED = ED in Plate V., Fig. i. 
Draw horizontal line DA. 

Join EL, and produce it to A and C. 
Bisect EC in H, and join HP. 

Draw perpendicular HG. 

Then — 

EH and HP are ’principal rafters. 

EP is tie-rod. 

AC is common rafter. 


Slope of Roof. 


Now slope of roof = sin 


-1 CF 
CB 
, 6-8 


Normal Pressure. 

log cos 30® 30' = 9-93530 

log 1-84 = 0-26481 

log 1-58 = 0-20011 


The normal pressure per square foot of 
siugle Allahabad tiling 
= 17 cos 0, (Table III.) 

= 17 cos 30° 80' = 14-7 lbs. 



( 170 ) 

- ^ X 13^ X 13^ ^ = 

8,010 lbs., 

and of to, agato. '«'« 
the hip rafter. 


{See Plate VI., Fig. iv.) 

sS3i....o . 

AO„ (Ffj. ffi). 

ting BE in E. 

Join AE. , • • TTR 

Bisect AE in F, and join FB. 

Thcti^^ 

AF and FB are ptincipal raften. 
AB is tte-rod. 

, 77;« V7 ssh C^i + W2) 

]g = Total weiglit on Up 2540 + 30'0 _ 

— 2,925 lbs. 


.f Sin EAB 

i^gle of fnclinauon 0 / 

Rafters. 



19 

= sin-1 .3526316 

_ 20° 39'. 


Princwal Rafters. 
log 4 

log sin 20“ 39 

log 2926 
log 2070 


= 0'60206 
r= 954705 
0.14911 
=r 3-46638 
= 3-31627 


2925 

070, 

4P ^ Formnla V ., 

c L 700, Table HI. 

4 y 2070 __ = 11 - 85 . 

- ^^oT- - 700 

. rnfter 3V ' 
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Tie-rod. 

log cos 30° 30' 
log 16i0 
log 4 

log denominator 
log 403 


As before — 


.= 9-93530 
= 3-21671 
= 0!60206 
3-75407 
= 4-54636 

2jl^771 

=1-60385 


2r 


■ 7 - 


1640 X cos 30° 30' 
3l416 X 11200 


= -403 

Make tie-rod diameter. 


O. Hip-Kafter. 

(5ee Plate VI., Fig. iii). 

Construction of diagram. Dra-w a plan of the angle of the verandah. 

Dotted lines — Centre lines of walls. 

Firm lines — Principal rafters. 

TJiin lines — Common rafters and purlins. 

Chain-dotted lines — Plans of lines turn- 
ed into plane of ■pager. 

Weight on, Rip Truss^ To turn the triangle AOB into the 

plane of the paper. 

Make BOi = EC in Fig. i, and join 

AOi. 

Then AOi is the length of slope of the 
hip. 

Let Wi = vertical weight on triangle 

AOjB, 

= \ AB X BOi X 33 
= ^ X 11| X 15 X 33 = 2,840 lbs,, 
and of this half is borne by the hip 
rafter. 

Similarly to turn the triangle AOE,, 
into the plane of the paper. 

Make EOn = EC in Fig. ii. 

Join AOii, 

Let Wj = vertical weight on triangle 

AOiiE 

s= ^ X AE X EOii X 33 

a 
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0 , CoTJPLEC ’EafTERS. 


These are very common in roofs of out-houses, covered passages, and as 
planked trusses in small buildings- in the Hills. The roof covering rests 
uniformly on the rafters, either as battens or planking, and thus causes 
them to be under complex strain, f.e,, a direct thrust and transverse 
strain. 


Example VIII. D, 


A roof, as shown on Plate XLVI., has to be constructed over a Servant's 
quarter. The pnncipal rafters are feet apart, and the roof covering is 
single Allahabad Tiling ; the wood used is deodar. The battens, 1 foot 
apart, rest direct on the principal rafters. The slope of the roof is 1 in 2. 


Battens. 


log 2 = 0-30103 

log 119 =2-07664 

log 3 6 =0-64406 

2 

1-08812 

3-44469 


log 3 
log 146 


log 6-4 

Principal Rafters, 

log 119 
log 2 

log sin 26° 80' 


log 18S 


= 0-47712 
= 2-16136 
2-63848 
0-80621 
= 0-80618 


= 2'07554 
= 0-30103 
= 9.64944 
9-95047 
2-12507 
= 2.12383 


W = 1 X 34 X 3^ = 119 lbs. 
Deflection — Formula III., for deodar 
in case of fixed beams. 


bd^ = % X 


& V 119 X 3|« 
li 5 — a ^ 146 


= 6-4. 

Make battens 1^" x 3|", see Table, page 
104. 


As in Example VIII. A, resolving verti- 
cally we have for direct thrust — 

W = 2 Cl cos EHG 
119 

or Cl = 2 sin 26° SO' ^ ^ 

= 133 X 7 
= 931 lbs. 


The principal rafters are supported by 
battens at 1 foot intervals so that 
length is between 1 and 8 times the 
least sectional dimensions. Then 
Formula V., P = S X c. 

For deodar c ~ 700 (Table IV.) 

Then S = ^ ^ ~ ......... (i). 
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Tie-rod. 

log cos 20® 39' 
log .2070 
log 4 

log denominator 
log ’470 


= 9'97206 
= 3-31627 
= 0 60206 
3-89038 
= 4-54636 
2j T-34402 
= 1-67201 


Common Rafters and Purlins 
lying on Hip Ti-uss. 


As before — 
2r 




2070 X cos 20® 39' 


1416 X 11200 

= - 470 . 

Make tie-rod ^ diameter. 


Make the common rafters and purlins the 
same as in their respective verandahs 
on either side of the hip truss. 
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Example IX. 


Hammer-Beam Trdss, 

.4 roof IS to he constructed over the nave of a Church built in the gothic 
style of architecture. The width of the nave is 30 feet ; the slope of the 
roof is to he 45° ; the roof covering is to consist of 22 B. W. G. plain 
sheet iron laid on the Naini Tal pattern on \\-inch deodar planking, 
on purlins at 5^ feet central intervals, which again rest on hammer- 
beam t7'usses spaced at 9 feet central intervals. The woodwork is to he 
deodar, and the hammer-beam trusses of the form shown in Plate VII., 
Fig. i. 

Construction of Truss. See Plate VII., Fig. i. 

Set ofi BB' equal to 30 feet. Bisect 
it in E', and draw E'E perpendicular 

to BB'. Make EE' equal to , and 

join BE and B'E. 

Bisect BE and B'E in D and D', and 
join DD'. 

From P and D' draw DC and D'O' per- 
pendicular to BB' cutting it in C and 
C'. From B and B' draw BA and 
B'A' perpendicular to BB', and make 
BA = BA' = DO =r D'C'. Draw 
CGr and FH perpendicular to BE, 
and C'G' and FH' perpendicular to 
B'E. Join FE and draw the curved 
struts AO, A'C' and OF, C'F. The 
truss is then complete. 

In this truss BO, B'O' are horizontal 
ties. AC, A'C' are struts curved for 
architectural effect, CP, C'F are 
curved stays or stiffeners to provide 
against irregularities of the load. The 
upper portion DED' is a king-post 
truss, and CG, OG' are struts sup- 
porting the principal rafter at G, G' 
where purlins come, 
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log 119 
log 49 

log 6830 


= 2-07554 
= 1.69019 
3-76673 
= 3-76566 


-TiniitsvwBe Strain — For deodar 




100 “ 


34 X X 7 X 7 
100 


1192<j49 gg.gj 
100 


.(ii). 


Then b = 0-27, d = 5 satisfies (i). 

i=2-3‘6, d = 5 „ (ii). 

Add the two values of h and make 
principal rafters 2|" x 5". 

N.B . — For the theory involved in the 
above method, see “ Roorhee Manual 
of Applied Mechanics,” Vol, I., pages 
281—287. 
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If the tie OF be considered omitted, then 
W 

It = — , and the diagram, Fig. 4, can 
be drawn for the truss, which gives 
a thrust on C'F = ~ Wi (am in 
diagram) , This is excessive, and there 
is no good reason for supposing that 
GF will not help as a tie to relieve 


this strain. Assume 
equation (1), 


W, _ Wx , 
4 ~ 6 


Wi 

T 

Wi 

T 


3 ’ 
W, 
6 


or T 


R = 


Wi 


- 

~ 12 


= B, 


then 


which is found to be the case by the 
diagram that can now be drawn of the 
stresses of the truss as follows : — 

How Wi = 21 X 9 X 27 = 5,150 lbs. 

On a scale of 1,000 lbs. = 1 inch draw, 
see Fig. 5, ic parallel to R and equal 

to ^ = 1,287 lbs., from 5 and c draw 
ba and ca parallel to BA and CA 
respectively. Then the diagram of 
stresses at A is hcah; at B, abdea; 
at G, dfged ; at C, fhijkf, where hf 
equals strain on OF or T above, which 
equals a c or R as stated above ; at 
D, hlmnoh; at H, onpqo', at E, 
Irml; at F, Tilmsth. 

From this diagram it is apparent that 
there is no stress in the principal 
rafter EB^, vide diagram for E, or in 
any of the other parts of the truss, 
except FO^ and A'0\ in which there 

is a thrust of ^ = R' which thus 
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Note. — Most officers hold different views 
regarding the best xoay of calculating 
the strains in a hammer-beam truss. 
The folloiuing solution has no preten- 
sion to be mathematically correct^ but 
it is considered to be sufficiently accurate 
to answer all practical purposes. It is 
doubtful, if a strictly mathematical 
solution be possible. 

Vertical or Perm anent load. Virst ; consider only the vertical or per- 
manent load, which on one half the 
truss say = W. 

This acts as shown in Fig. 1 as under, 

at E, -p at H, -p at D, — at G, 
8 4 4 4 

W 

and -p at B. The reaction of the wall 

O 

may be resolved vertically and hori- 
zontally, The vertical component R 
= W, and the horizontal component 
T has to be determined hereafter. 

Now, weight of 22 B. 'W. G. plain sheet 
iron including lappage = 1*40 lbs. per 
square foot. 

1^" deodar planking =• -^ = 5 lbs. per 

square foot. Therefore weight of roof- 
covering = 6’4 lbs. per square foot. 

Then — 

W = 6’4 X 21 X 9 X 1 (roof-covering) 

-h X 9 X 40 X (purlins) 

-}-2x21x40x^ (say, truss) 

= 1210 + 210 + 337 
= 1,757. 

Now assuming that the curved stiffeners 
CP, C'F can be neglected, the truss 
may be considered to be a king-post 
truss DED' supported by two com- 
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Make principal rafter 4* x 3*. 


■Curved Strut’ AC. 


[Struts, ABf -DF. 


Curved Strut C¥. 


Struts CG- and HF, 


Tie BQ. 


Here P = 4725, 

Q _ 2 X 4725 9450 

® 700 ~ 700 ~ 

but as strut is curved make 
S = 24, or 

Make curved strut AO 4" x 6". 


As before — 

c 

Here P = 2,920 lbs., 

2 X 2920 _ 6^ 
~ 700 


S 


and S = 


700 
= 8-34, 

Make -struts AB, DF 3" X 4" for archi- 
tectural reasons. 


Here ‘P 
and S 


3800, 

2 X 3800 


700 
= 12-3, 

but as strut is curved make 
S = 24, or 

Curved strut OF 4" X 6", 


Here P = 1595 

, ^ 2 X 1595 

andS= 

= 4'6. 

Make struts CG, PH 4" X 3" for archi- 
tectural reasons. 


Formula IV. — 

P = S X t. 

Here P = 1350, t = 700. 

Then S = = 2-0. 

Make BC 4" x 3" for architectural rea- 


sons. 



C 177 ) 


Tempor.ary , Load or Wind THei normal wind pressure on a roof 
Lressvre., sloping is> see page 98, 54 lbs. per 

square foot. But as the roof is a 
light one, this may be reduced accord- 
ing to the rule on page 99 to 27 lbs. 
per square foot. 

Let Wi = total normal wind pressure 
on one side of the roof. 

Then acts at B, ^ at C, ^ at 
8 4 4 

D, at H, and ^ at E. 

4 o 

A hammer beam truss is secured to the 
walls at A, B, A', B', while the parts 
AB and A'B' rest against the walls. 
The reactions of the walls at these 
points are indeterminate depending on 
accuracy of construction ; and as differ- 
ent assumptions regarding their mode 
of action give rise to very different 
diagrams of stresses, it is believed a 
mathematically accurate diagram can- 
not be drawn. With the wind acting 
as , shown on Fig. 2, it is evident that 
most of the reaction against it will be 
exerted by the wall at A'B' ; while of 
the part exerted by AB, that at B 
cannot be great, as the wall there has 
little holding power, and it ' may be 
assumed without much risk of error 
that it acts at A. 

Now by the method of sections if the 
truss be cut by a plane passing through 
D, and CF, to sustain the lower part 
of the truss thus cut off there is the 
thrust Ti at D, and the strain of the 
tie CF = T acting along this bar ; 
taking moments round D, 

.Bx3 = ^x2-h^Xl-fTxl 

2 a 
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Trussed Beams, 


The following are given ns two simple Examples for a guide in cases 
where it is necessary either to truss old beams which have unduly deflected ; 
or where, in a new building, it is required to use a beam with a smaller 
scantling than will carry the load, either in order not to place the beams 
too close together, or in cases where it is not convenient to use beams of 
tlic full calculated scantling. 


Example X. (Plate VIII.) 

Let AB be the beam, U'tth a span of 16 feet, the total distributed load 
bchig 20,000 lbs. ; for one of the reasons given above, it is required to truss 
the beam mth a single strut of a length — ~^th of the span. 

Length of strut = jV X 16 feet — 16 inches. 

(See Plate VIII., Fig. i). 

Construction of Diagram of Mahe AB = 16 feet. 
central lines oj struts and Bisect AB in C. 
ties. Drop perpendicular CD = 16 inches. 

Join AD and DB. 

Theu’- 
CD is a strut. 

AD and DB are tie-rods. 

Kow, of tlie distributed load, is borne 
at A, ^ at 0, and J at B. 

The point C is in equilibrium. 

Besolve along CD. 

.*. c = i W 

= 10,000 lbs. 

Calculate scantling bg Formida F. 

Again the point D is in equilibrium. 

By sj-mmetry — 

Tension on AD = tension on BD. 
Resolve along CD. 
c — 2t cos ADC, 


c = Compression on Strut 
CD. 


t = Tension of Tie-7'ods AD 
and DB. 
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acts at A', This if checked by the 
method of sections through D' will be 
found correct, and as it makes the tie 

w 

OF bear in tension, and the strut 
3Wi 

C'F in compression, it may be 

regarded as a satisfactory solution of 
the problem. 

By measm-ing off the lengths of the 
different lines in the diagrams. Ftps. 
3 and 5, a Table of Maximum Stresses 
on the different parts of one-half the 
truss can be drawn up as follows : — 


Part of 
truss. 

Permanent 

load. 

Wind on 
left. 

Wind on 
right. 

Maximum stress on each part of truss. 

AB 

-bg w 

+ iWiV 2 1 

nil 

+ 1 W + i Wj s/2 = + 2,920 lbs. 

AC 

+ I- W\/2 

— i Wi 

+ 1 Wi 

+ iWV2+fW, = + 4,725 „ 

BC 

-JW 

-i W 1 V 2 

nil 

-iW-|WjV2 =-. 1,350 „ 

BG 

+ ^'WV 2 



-j - 5 W^ 2 -f* f W] \/2 = + 3,985 ,, 

CG 

+ iWV 2 

+ iWi 

*> 

+ 4W\/2 +iWi = + 1,596 „ 

CD 

+ ^ w 

- i Wl ^/2 

« 

- i Wi V2 = - 910 „ 

GE- 

nU 

-iWi 


-f- S Wi = -b 3,800 „ 

DF 

JJ 

+ i Wi \/2 

nil 

+ I 2 = -j- 2,760 „ 

DH 


Wx 

)> 

+ gWV2 = + 926 „ 

HE 

+ iW/v '2 

-gWx 

*) 

+ iW V 2 = -b 610 „ 

EP 

-iW 

+ g ■Wx \/2 

+gWiV 2 

+ i Wi V2 = + 9)0 „ 

DG 

+ 1 W 2 


nil 

+ g W ^2 + i Wi = + 2,210 „ 

HE 

+ iWV 2 

+ i Wi 

1 >t 

+ JW^/2+iWx=. + 1,696 „ 


Compressions are shown with -f sign, 
Tensions „ „ — » 


To calculate dimensions of different parts 
of truss. 


Principal Rafters BD_ 


Length unsupported laterally = BG 
5’25 feet. 

Formula V., S = ~ 

0 

Here P = 3,985 lbs., c = 700 lbs. 

2 y. 8985 7970 

700 700 


Then S = 


11-40. 
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Example XL {Plate Till). 

Let AB be a beam, zoith a span of 2^ feet, the total distributed load 
being 80,000 lbs. For one of the reasons given above, it is required to 
truss this beam zoith tzvo struts, each of the span, or 18 inches long. 

(Sec Plate YIII., Fig. ii). 

Construction of Diagram of Make AB = 24 feet. 
central lines of struts and Trisect AB in C and D. 

Drop perpendiculars CE and DF, each 
= 18 inches. 

Join AE, EF, and FB. 

Then— 

CE and DF are stz'uts. 

AE, EF,,and FB are tie-rods. 


Now of the distributed load, ^ is borne 
at A, ^ at C, ^ at D, and ^ at B. 


c = Compression on Struts 
CE and DF, 


The point C is in equilibrium. 
Resolre vertically, 
c = ^ X W 
= 10,000 lbs. 


t = Tension of Tie-rods AE 
and BF. 


log 0 = log' 10000 
log AE = i log 9640 
log numerator 
log CE = log 18 
log t = ]0g-642G3 


= 4'00000 
= 1-98977 
= 6-98977 
= l-2r)627' 
= 4-78460 • 


Again the point E is in equilibrium. 
By symmetry — 

Tension on AE = tension on FB. 
Resolve vertically. 
t cos CEA = c. 

CE 


t X 


AE 




But AE = s/ ACa + CE* 

= ^/ 144 X 64 + 324 
= V 9640 
. , _ C X V ’^540" 


= 54,263 lbs. 



istract of Scantlinffs. 
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Mahe — 


Principal rafters EB, 

... 4" 

X 

3" 

Curved struts AC, 

... 4" 

X 

6" 

Struts AT3, DP, 

... 3" 

X 

4" 

Tie BC, 

... 3" 

X 

4" 

Struts CG, PH, 

... 3" 

X 

4" 

Tie'EP, 

... 3" 

X 

4" 

Curved stays CP, C'P, 

... 4" 

X 

6" 


Calculate purlins as in previous Examples. 

The points A, B, A', B', must be firmly 
fixed to the Trails by iron cramps, and 
the walls must be supported by but- 
tresses at A, A' calculated to resist 
the maximum thrast at these points. 

This is made up of ad' = fJW, see Fig. 
3, in amount and direction for perma- 
nent load ; and B = 1| Wj, Fig. 5, 
for temporary load. The resultant 
of these two forces will give amount 
and direction of greatest thrast on 
walls. 

Note — 

In making ealculations for a truss simi- 
lar in proportion to the above, it will 
not be necessary to go through all 
these elaborate calculations. It will 
merely be necessary to reconstruct the 
table of stresses for the ‘altered condi- 
tions of W and Wi in each case, re- 
membering that the proportion be- 
tween each stress and the load will 
remain the same in each case. 

The dimensions of each . part of the truss 
can then be calculated for the stresses 
■given in the table reconstructed as 
explained above. 




( 183 ) 


log c = log 10000 

= 4.00000 

i log 9472 

= 1-98822 

log numerator 

= 5.98.822 

log 32. 

= 1-50516 

log t = log 30414 

= 4-48307 

Cx = Compression 

on Beam 

AB. 


log t 

= 4-48307 

log AC = log 96 

= 1*98227 

log numerator 

= 6*46534 

log AD =1 log 9472 

= 1-98822 

log Cj = log 30000 

= 4-47712 


-2tx9R 

~ ^ AD 

But AD = VAC!" + CDS 


= V 144 X 64 + 266 

= v'94f2 

. 4 — 0 "X 
" ‘ 32 

= 30,414 lbs. 

Calculate diameter^ or side of square, of 
iron tie-rod hy Formula IV. 


Again the point A is in equilibrium. 
Resolve along AB. 

Cx = t cos CAD 
. AC 
“ ^ ^ AD 
= 30,000 lbs. 

In addition to this however as the load 
is uniformly distributed there is a 

transverse strain on AO and CB. 

_ w 

Weight on AO = — = 10,000 lbs. 
Length = 8 feet. 

Transverse Strain- 


-Formula III.. 


For sal Id^ = 


10000 X 8 
180 


= 444, (i). 


Direct Strain — Formula V. — 

ForBalS = - = ^. 

{Note . — The beam AO is supported later- 
ally by joists at about 1 foot intervals, 
hence it is a short strut). 

Then S = = 24-7 (ii). 

See Table, page 106. 

Then — 


i = 4'5, d = 10 satisfies equation (i). 
i= 3, (Z=10 „ „ (ii). 

MaTce beam AB 7^" x 10". 

For the theory of the above, see Roorkee 
Manual of Applied Mechanics, Vol. 
Chapter XIII. 
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ti = Tension of Tie-rod EF. 


log t, from above 
log AC = log 96 
log numerator 
log AE = 4 log 9640 
log tr = log 53334 


= 4-73450 
= 1-98227 
= 6-71677 
= 1-98977 
= 4-72700 


Eesolve horizontally. 


ti = t cos CAE 


= t X 


AC 

AE 


= 53,334 lbs. 


Cl = Compression on Beam Again the point A is in equilibrium. 
AC. Resolve horizontally. 

Cl = i cos CAE 
= <1 (from above) 

= 53,334 lbs. 


Calculate dimensions as in previous Ex- 
amples. 


2 B 
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usually bo best to accept tbe tender of some known and reliable Contractor, 
even if it bo not the lowest. 

7. A plnn often ndopted with success, is not to allow an unknown or 
unreliable Contractor to tender for an important work, but to make it a 
rule to accept the lowest tender from among ;those who have been granted 
pennission to send in tenders. 

8. As soon ns the tender has boon accopted, the Contractor should be 
given written notice of the fact.in a book kept forthe 'pnrposc. At the 
same time he should be directed to 'forward his security deposit, .and'be 
informed of the date on which work is to commence, ,His:signatm’e and 
that of the Sub-Divisional officer concerned should' be. recorded inithe book 
against this notice. 

0. Contractors arc bound to make use of the; articles on the Govern- 
ment stock ns far as possible. The Contractor lis responsible, for making 
himself acquainted with the materials on Government stock, and, the rates 
• at which sucli materials will bo issued to him before ; making his .tender 
for the contract. The Stock prices of materials ■ issued to , him , will:. be 
deducted from his bill, or he will pay the money in cashes may, be .directed 
by the Executive Engineer. 

10. No women arc to bo employed on any .work -within the lines , of 
British Troops while those lines arc occupied by them, 

11. Written authority signed by the Executh'e, Engineer .oi’,. the Sub- 
ordinate in charge of the work must be produced for any deviation frpm 
•the measiu'cments or specifications of an estimate. If .no such authority 
can bo produced, then the Contractor will be held responsible, lor ,, the 
deviation. The measurements referred to are- those in.. the. drawings ; 
those in the estimates are for purposes of .calculations and .not for-, the 
information of Contractors, 



PART IV. 


CONTEACTS, ABSTEACTS 
OF ESTIMATES. &c. 
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I. The above Estimate includes ebarges for work Establishment, 
Tools and Plant, &c. 

II. TJic work will bo executed by Petty Contract, and will be com- 
pleted within 9 months. 

III. Funds are not allotted in Budget for current year for this work, 

and an appropriation is solicited to tlio extent of Es. 6,238. 

IV. Total of Estimate, Es. 5,238 

Deduct values of Stock issues, „ 3,000 


Balance cash required, 


5 ^ 


2,238 



CONTRACTS 


1. Executive Engineers are advised to carry out all works in their 
Divisions by contract with respectable natives ; not only are works execut- 
ed as a rule more cheaply in this manner than by daily labour, but the 
supervising establishment is thereby saved a large amount of extra work. 

2. Tenders for all works proposed for execution by contract should be 
invited in the most public manner possible. This is usually done in 
practice by posting ishtihars on the prescribed form outside the Execu- 
tive Engineer’s office, on public notice boards, and by sending copies to 
the local Civil officers. The date for the reception of Contractors’ tenders 
should be stated, as well as the date on which the work is to be com- 
menced and finished. 

8. While the ishtihars are out, the estimate and plans for the work 
will be open for the inspection of all persons proposing to submit tenders, 
and every assistance should be given to the latter, to enable them to 
thoroughly understand the details of the work, for the execution of which 
they propose to tender. 

4. All persons, who submit a tender, should fill in the prescribed form, 
and when forwarding the tender, it must invariably be accompanied by the 
necessary earnest money. 

5. Tenders should, as far as possible, be opened in the presence of all 
the tenderers, and the result at once made known to them, 

6. It is difficult to lay down any fixed rule for guidance in accepting 
tenders. There is little or no doubt, that the practice of accepting the 
lowest tender in all cases, induces Contractors to tender at lower rates, 
and conseq[uently cheapens work. On the other hand many failures of 
bad Contractors occur under such a system. Perhaps the best plan is to 
accept the lowest tender, (when nothing very bad is known against this 
tenderer), in aU cases where there is plenty of time to remedy the effects 
of failure, such as in annual repairs, &c. But in cases where a work has 
to be pushed on energetically, and completed within a certain date, it will 
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(Docketing on back of previous 
Specimen). 


MILITAET WOEKS SEEYICES. 


II. ALLAHABAD DISTRICT. 


Abstract of Estimate Ho. of 188 -8 , 

for Constructing Quarters for Butcher Sergeant at 
Allahabad. 


For Rupees 5,238. 
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(Docketing on back of previous 
Specimen). 


MILITARY WORKS SERVICES, 


AGRA DISTRICT. 


Abstract of Estimate No. of 188 -8 , of 

the probable cost of Constrncting Subsidiary Buildings 
for Family Quarters at Agra, for 4 blocks, Class II., 
to accommodate 34 families. 


For Rs. 18, 137. 
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(Docketing on back of previous 
Specimen). 


MILITAEY WOEKS SEEVICES. 

AGRA DISTRICT. 

Gonoral Abstract of Estimate No. of 188 -8 , 
of the probable cost of Constmeting Subsidiary Build- 
ings for Family Quarters at Agra, for 4 blocks, Class 
II. 


For Rupees 18,137. 
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(Specimen). 

MILITARY WORKS SERVICES. 

» 

AGRA DISTRICT. 


General Abstj'act of Esiimate of the probable cost for Constructing Subsi- 
diary Buildings for Family Quarters at Agra, for *1 blocks, Class II. 


Kames of Buildings. 

riintli area of 
cacli 

building. 

note T>cr 
.ct]iinrefoot of 
jilintb area. 

Co=t of cacli 
bnilding. 

Grain! Total 
Cost. 



Sq. ft. 

Its. A. 

r. j 

ns. 


Cook-houses for five families, 


8S4 

3 0 

Ci 

2,GS2 


.)) ,1 ■ four „ 

• •• 

2,190 

3 1 

9i 

! C,835 


Latrines for men. 

«•( 

201 

4 1 

9i 

o 

CO 


j] womciij 


CO 

o 

4 r> 

10 

1,781 


Covered passages, 

• 

3,C3C 

1 10 

5 

5,999 


Grand Total Cost, ... 

18,137 


I. The above estimate includes charges for work Establishment, 
Tools and Plant, &c. 

II. The work will be executed by Contract, and will be completed 
within 9 months. 

III. Funds are not allotted in Budget for current year for this work, 

and an appropriation is solicited to the extent of Rs, 18,137. 

IV. Total of Estimate, ... ... ... Rs. 18,137 

Deduct values of Stock issues, ... ... ,, 8,137 


JJ 


Balance cash required. 


10,000 
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Knndoin-scjunrcd coursed 

rubble, 

... 5 to 12 cubic feet. 

Random coursed rubble, 

• t* 

... up to 15 „ 

Dressed ashlar, 

• •• 

... 1 to ,, 

Ashlar in arches, ... 

• •• 

... 1 to 1^ ,, 

Plastering, 1 coat, ... 

• •• 

... GO s. feet. 

o 

If ft ••• 

• •• 

... 80 ,, 

II 8 1, ... 

• •• 

20 „ 

Pointing, ... 


... 100 ,, 

Terraced floors or roofs, 

• •• 

... oO , , 

Brick-on-edge flooring. 

• • « 

... 45 „ 

Flagged flooring. 

*«• 

... 20 „ 

Allahabad tiling, single, 

• •• 

... 85 ,, 

,, „ double. 


... 15 ,, 

Fixing roof battens,... 


100 „ 

1 pair batten doors (4' x 

n 

... 8 days. 

TealMYood framing, ttc., 

••• 

... 1 cubic foot. 

1 pair panel doors, ... 

• « • 

... 15 days. 

1 „ Venetian doors (4' 

X 7'), 

... 18 ,, 


Load for a two-bullock cart. 


Bricks (9* X X 2f ), 
Broken stone, 

Grflvcl, ... 

Knnkar lime, 

Slaked ,, ... ... 

Sandstone, ... 


• • • 


250 

15 cubic feet. 


18 

45 



PA.RT V. 


RATES. 
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BATES. 


1. Many circumstances, such as no two workmen executing the 
same amount of work in the same amount of time, combine to render 
the preparation of really accurate details of rates a matter of much 
difficulty, involving the expenditure of considerable time and labour. 

2. Under a good contract system where contractors really compete 
for the execution of a work, the exact accuracy of the rates becomes 
a matter of secondary importance. For if the rates are too high, the 
tenders will be proportionately low. 

3. The above is, however, probably only true to a limited extent, 
while at many stations there is little eompetition among contractors, 
and work has often to be done by daily labour. It therefore becomes 
important that rates should be as accurate ns time and circumstances 
will permit. 

4. With a view to render some assistance towards attaining this 
result the information contained in the following pages is given. 

5. The tasks a skilled workman can perform may be of assistance 
where works are being executed by daily labour. 

6. The rates in use at the present time at important stations in the 
different Commands are given for the more common kinds of work, ns they 
may sometimes be useful for comparison. 

7. Details of work for several items in constant use are also given, 
as a guide and check when drawing up similar details for the same kinds 
of work at other stations. 


Task for an experienced Artisan per diem. 


Brickwork, ... 

Flat arch work. 

Circular „ 

Honey-comb work. 
Coursed rubble masonry, 


15 cubic feet. 


8 

7 

25 

5 to 10 


M 
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DETAILS OF COST OF WORK. 


DiviKtox — Lucknow. 


Station — Lucknow. 


Xfniic of Work — Cut ftoue finclt/ drefscil in verandah pillars and 

doorframes. 


c! IjjMiir nn'l 
rutile {oot. 

No. or 
(lunn- 
lit)-. 

R.vTi:. 

Amonnt, 

! 

Tot.M. 

Oranil Toti\t. 

m 

1 Per 

J.nhpur. 





Its. 

A. 

i*J 

Its. 

A, 

V. 

Rg. 

A. 

P. 



8 












Mn'on, 

No. 

6J 

•/C/- 

each. 

0 


0 







<1 •* 

1 

1 " 


1 1 

1 -/«/• i 

1) 

0 

1 

c 







t> •• 

ft 

1 

*/«/• 

II 

0 

E 

9 







IlcUhir, 

<1 


-/3/. 

• I 

0 

1 

0 

9 


11 

9 




jVaterhJs. 












1 


Roiipli >ilonn in Moclc.t 














nt qtmrry Htntion, .. 

c, ft. 

1 

./8/- 

c, ft. 


8 

0 







Rnihvny freight, i. 

II 

1 

-/G/0 

1^ 


C* 

E 







Uniouding nt station 





! 

! 








nttil cartage, say 2 





1 









miles, .. 

If 

1 

*/!/- 

If 


] 

0 







Sundries, .. 






I 

c 

1 

1 

3 




Totiil r^alwur and 





i 





1 




Materialf', •• 

• • 

t « 

1 

• • 

1 

1 

• • 

« • 

• • 

« • 

1 

• « 

• « 

1 

1 

1 

iii 

1 

0 
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DETAILS OP COST OF WORK. 


Division — -Agra. Station — Agra. 


Name of Work — 1-^" Flagged Flooring on 3" Concrete. 


Amount, Total. Grand Total. 



























( m ) 

details of 0D8T-.OE..WOBK. 
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DETAILS OP COST OF WORK. 


Division — Bareilly. Station — Bareilly. 


Name of Work — Sheet Iron Roofing^ Naini Tal system (improved patern 
zvithout any exposed screws ). 


Details of Labour and Materials 

No. or 
quan- 
tity. 

Rate. 


'Tnffil 


per 100 superficial feet. 


Cost. 

Per 









Lalour. 





Rs. 

A. 

P. 

Rs. 

A. 

P. 

Rs. 

A 

P. 

Carpenters, . . 

No. 

34 

-181- 

each. 

1 

12 

i 







Blacksmiths, • • 

If 

1 

./8/- 

f9 

0 

8 

1 







Painters, 

)f 

2 

-/3/- 

if 

0 

6 

1 







Coolies, ». 

If 

3 

-/2/8 

ff 

0 

8 

I 

8 

2 

1 




Materials. 














Iron sheets (6' X 2') (22 
B.VY.G.), 

J) 

m 


e*ach. 

18 

3 








Iron sheets (6' X 2') (18 
B.W.G.), 

ff 

H 

2/8 

fi 

3 

6 

1 







Pir planking, 1' includ- 
ing nails and screws, 

s. ft 

100 

6/6 

% 

6 

6 

1 







Iron clips, catches, rivets, 
&c,, * • • • 

seers 

6 

-17/- 

seer. 

2 


^■i 







Olphert’s metallic paint, 

lbs. 

24 

.12;. 

lbs. 

0 

6 

0 







Linseed oil, • • 

)f 

2| 

-/6/- 

ff 

0 

13 

6 







Coal-tar, . . . • 

f> 


• • 

if 

0 

2 

6 

31 

14 

i 




Total Labour and 
Materials, .« 

• • 

• • 

« • 


« • 

• • 


• • 



35 

0 

0 
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DETAILS OP COST OP WOEK. 


Division — Bareilly. Station— E am'ZZy. 


Hame of Work — Sheet Iron Roofing, Naini Tal system (improved patern 
without any exposed screws ). 


Details of Labour and Materials 

No. or 

j Rate. 



Grand Total. 

per 100 superficial lect. 


tity. 

Cost. 

Per 







Labour, 





Es. 

A 

P. 

Es. 

A 

P 

Es. 

A 

P. 

Carpenters, . . 

No. 

35 

-/8/- 

each. 

1 

12 








Blacksmiths, . . 

11 

1 

-/8k 

>1 

0 

8 








Painters, , . 

5 J 

2 

./3/- 


0 

6 








Coolies, *. 

» 

3 

-/2/8 

11 

0 

8 


3 

2 

I 




Materials. 














Iron sheets (6' X 2') (22 
I3.W.G.), 

11 



each. 

18 

3 

1 







Iron sheets (6' X 2') (18 
B.W.G.), 

11 

n 

2/8 

91 

3 

6 

1 







Pir planking, 1* includ- 
ing nails and screws, 

s. ft 

100 

6/6 

“/o 

6 

6 








Iron clips, catches, rivets, 

&c,, • • • • 

seers 

6 

-IV- 

seer. 

2 


1 







Olphert’s metallic paint, 

lbs. 

25 

./2;. 

lbs. 

0 

5 

0 







Linseed oil, • • 

>1 

H 

-/6/- 

11 

0 

13 

6 







Coal-tar, . • 


H 

• • 

19 

0 

2 

6 

31 

14 

E 




Total Labour and 
Materials, •• 

• • 

• • 

• • 

• • 

• » 

• • 


• • 

« • 

• • 

35 

0 

0 
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DETAILS OP COST OP WORK. 


Divisiok — Lucknow. Station — Lucknow, 


Name of Work — Ironwork, Straps, Lolls, cj'C., (J'c. 





■Hi 










T>f>fAn nf T/ahour and Materials 

No. or 






per cwt. 


quan- 

tity. 












Labour. 





Us, 

A. 

B, 

Uh, 

A 

p. 

lift, 

A. 

I'l 

ibxQltllj « • 

No, 

1 

./8/. 

duy. 

0 


0 







II •• 

11 

23 

-/C/- 

t1 

8 

10 

0 







l> •• 
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0-1-J4 
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14 
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1-0-14 
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1* 

12 

-/4/- 

10, 

3 

0 
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STATEMENT SHOWING THE HATES FOR VARIOUS KINDS OF WORK IN THE 

COMMANDS, 



St 07 te lilatonry. 

flilar work, ... ••• 

)urscd rubble in lime, ... ••• 

„ in clay, ... 

it atones, bed-plates, and corbels with 
holes bored, ... ••• 

ry rubble masonry, rough,... 

„ in breast and retaining walls 
dressed on one face, ... 

iinshadc, Agrn stone, 

Flooring, 

.sphaltc flooring, 1" tbick, 

rick, flat, exclusive o£ concrete, 

Cantonments, ... ..; , 

'lagged flooring, li . exclusive o£ co 

luHan’stoiie Patent' floor, 1" thick, ... 
?crraccd flooring, 3^^ thick, ••• I 

„ )• » 

Plaster and Pointing. 

jeeping, cow-dung, fine, 

blaster, lime mortar, on brick walls, now, 
on stone walls, ... 

I) II »’ 

Portland Cement, thick, ... 

”, mud, on brick walls, inclusive of 

PlastcSud,onstonewaUs,inclusivorf 

Iceping, 

Lime or flush pointing on now walls, ... 

on brick in clay 

Limoor flos'* poln’*i»B “ 

Scraping walls, -. 

White and Color-washing. 

Color-washing, 1 coat of whitewash 
and 2 coats of color- wash,.. • 

wSwashing.Scoats on scraped waUs, 

'Whitewashing, 1 coat on old walls, ... 



Naini Tal. 













Item Number. 
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STATEMENT SHOWING THE' BATES EOR VARIOUS KINDS OE WORK IN THE 

COMMANDS, 


Sub-bends, 


53 

D4 

55 

5G 

07 

08 
53 

CO 

Cl 

02 


C3 

G4 

CO 


CG 

G7 


>• 

M 


>• 


« • 
• « 


G8 

09 

70 

71 

72 

73 

74 

75 

70 

77 

.78 

79| 

80 


Wood worh, Carpcixiry and Joinery, 

Teak iu framing beams, ike., . . 

S.U 

Clur 

Deodar „ „ •• 

Tc.ak doors and windows, framed and 
glazed,.. 

Teak doors and windows, grooved and 
beaded and battened. 

Deodar doors and windows, framed and 
glazed,.. .. •• 

Deodar doors and nnndows, grooved,' 
beaded and battened, . • . . 

Curbs for well-sinking, kikur, 

Boarded floor, plain, li", tongued aivd 
grooved, and screwed down, • . 

Ironwork. 

Ordinary ironwork or mild steel for 
trusses, bolts, straps, &c., 

Einc ironwork or mild steel for small 
bouse fittings, ,• .. •• 

Cast ironwork, .. •• •• 

Brass-wor?i, 

Brass-work, filed and fixed, 

Copper „ ,1 j) 

Bainting and Glazing. 

Painting, 1 coat, country or Olpberts, 

,, 2 ,, ti >i •• 

1 „ priming, and 2 coats 
finisbing, •• •• •• 

Pauiting, 1 coat, Europe, . . • * 

„ 2 „ „ ■ 

1 „ priming, and 2 coats 

finisbing, 

Yarnisbmg, 1 coat, . . • • 

„ 2 „ 


t « 

• • 


Coal-tarring, 1 coat, 

,. 2 „ 

Letters and figures. 

Pane of glass, 8 X 10", 
10'’X12" 


• • 
• • 


Punjab. 


Fa 



O 






a 

S* 

si 

0 

.2 

’B 

43 

3 

*3 

H 




0 

O 

S 

rt 

(A 

cs 

a 

o 

B 

c3 


« 


a 


W 



c, ft. 

• • 

• • 

4/-/- 

• • 

' • • 

4/8/- 

5/./. 


• • 

• • 

• • 

3/8/- 


4/4/- 

8/4/. 


• • 

• • 

• • 

2/-/- 

1/6/- 

.• • 

1/4/. 

II 

2|2/. 

• • 

1/14/- 

2/4/. 

2/-/- 

3/4/. 

. 9 9 

1* ' 

• • 

• • 

• • 

• • 

• • 

, 

1/2/- 

1/-/- 

1) 

• • 

• • 

* • 

• • 

• • 

1/2/. 

1/6/. 

8. ft 

3/4/- 

t • 

./14/- 

-/14/- 

./14/6 

• • 

9 9 

I) 

-/i2/- 

• • 

-/8/- 

-/13/- 

./14/- 

./12/. 

9 9 

c, ft 

3/12/- 

• • 

• « 

• * 

• • 

9 • 

■ • 

8. ft 

28/-/. 

“|o 

• • 

35/-/. 

lo 

»• 

27/8/- 

^/o 

• • 

. 

9 9 

cwt 


24/8/- 

19/-/- 

14/-/. 

17/8/- 

21/-/- 



• • 

» • 

• • 

» • 

• • 

35/-/- 

22/./. 

» 







II 

lG/4/- 

22/-/- 

• • 

t • 

13/-/. 

• 9 

• 9 

seer. 

1/8/- 

2/8/. 

• • 

» • 

t • 

• • 

« • 

If 

2/-/- 

2/8/- 

• • 

• • 

•• 

• • 

9 9 

Ojo B. ft. 

II 

1/4/- 

2/-/- 

1 

1 1 ' 


.111/- 

1/3/- 

-/11/6 

1/4/- 

\ 

• • 

.• • 

99 

••99 


3/-/- 

3/-/- 

• • 

« • 

• • 

... 

9 9 

II 

1/0/- 

1/8/- 

li-/- 

IN- 

Vf 

• • 

9 9 

II 

II 

2/8/- 

3/-/- 

i/ii/- 

1/12/. 

1/14/. 

• • 

. -9 9 

If 

19 

II 

3/8/. 

1/-/- 

1/12/- 

4/8/- 

1/4/. 

2/-/- 

2/6/. 

-/io/. 

1/8/. 

-/i4/- 

1/8/- 

-jiu- 

1/12/- 

2/8/. 

./14/. 

1/8/. 

. 2/8/- 

, 2/8/- 


1/-|. 

11^1- 

./lO/. 



9 9 

#9 

II 

II 

1/12/. 

21-1- 

M-l- 

-/14/- 

■Q8 

• • 

• « 

inch. 

-/-/G 

-1-16 

-l-IC 

• • 

• • 

• • - 


CBCll* 

-/4/. 

./3/3 

-/3/. 

./3/- 


- • 9 

9 9 

II 

-Is/- 

■/4 

-/3/. 

./4/6 

.;4/t5 

• • 

9 9 
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STATEMENT SHOWING THE RATES FOR VARIOUS KINDS OF WORK IN THE 

COMMANDS, 

Punjab. ‘ I 



Roof Covering. 

81 Double Allahabad tiling, 1st class, 

f?l 

ou Country tiling roof (double). 


“/o s. ft 


84^ Mangalore tiling, ... ... ... „ 

85 Galvanized corrugated sheet-iron roof, 

20B. W. G., ... 

85 Galvanized plain sheet- iron roof, 22 
B. W. G., without planking, laid 
Naini Tal system, ... .. „ 

87 Mud and mat roof, ... ... „ 

88 Mud roofing 6" on tiles, 12" x 6" X 2", „ 

89 Plain sheet-iron roof, Naini Tal pat- 

tern, including planks, painting, &c., 

22B. W. G., ... ... „ 

90 Terraced roofing of 12" x 6" x 2“ tiles 

with 6" of fine concrete, and pointed 
underside, ••• I II 

Ceiling. 

91 -Pine wood ceiling, rebated, beaded, 

battened, and dowelled, ... ... „ 

92 Cloth ceiling, including frames com- 

plete, ... ... ... ... ,, 

93 Lathe and plaster ceiling, ... ... „ 

Road Metalling. 

94 Collection of kankar for road-making, “|o c. ft. 


95 Collection of stone metal for road mak- 

•»'» ••• •• ••• 

96 Consolidation of kankar. 


97 Consolidation of stone metal, 

Miscellaneoue. 

98 Drilling holes in brick in lime wall, ... 

99 ■ stones for bolts, &c.,... 

100 Punkahs. Mortimer, lowering bars, re- 

pairing and preparing for pulling and 
raising bars and tying them neatly to 
the frames, . ... ... 

101 Sweeping chimneys, 
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PER»CIPAI STAJHEOS^S TjV ' p},; jj-r 
lULITAEr T70EES. 


PtnS'JAB, 


J^maAL, 
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PRINCIPAL STATIONS IN THE PUNJAB, BENGAL, MADRAS AND BOMBAY 
MILITARY WORKS. 























( ) 


PRINCIPAL STATIONS IN TUK PUN^AP. PKNUAP, MAOILVS ANO \H'\U»AV 
MILITAKX WORKS. 


Bexgal. 


M \VW \M, 






i 









"w 

a 

e3 

**5 

* 5 ' 

0 

0 

£3 

u 

0 

'ii' 

it 

1? 

lU 

>I 

?! 

i 

‘1 

1 

i!' 

|! 

It 

j| 

j'i 

\ *■ 

1 ! 

I'l 

25/-/- 

12/8/- 

lC/8/- 

8/-|. 
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221./. 
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1 t 1 
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to 

nt 
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• •• 
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20 /.). 
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If* 

lu// 
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22/./. 



(llt'rt 

clllllilllll 

ltdIilrl'H 

willi 



till'll, 



• •• 

««« 

4*4 

21/-/- 

J5/lt/. 


»*» 

v/i/./ 

tit 

Ilf 



30/-/- 






wifll 

Imlti.dit 



... 


40/-/- 

22/-/. 

22/./. 
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DETAIL FOR HIPPING OF TWO VERANDAH 
ROOFS OF UNEQUAL WIDTH AS 


PLATE XU 



LilUo.. T. C. Press, Roortct. 














SPECIAL FLAT ALLAHABAD TILES 


plate lxx 



Scale — 1 Foot = 2 Inches. 
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find bj one 2-incli fcrcrr driven diagonnlly tlirongh the clip as shown in 
T^g, 4, Plate LXXIY. One batten is required for each clip. 

The battens will be tarred on the underside before lap'ng. 


I^oge S. IT. Clips, 


^clc lie 1st sentence 
end of this paragraph, 
following : — 


of the note at the 
and sulstiiute the 


‘'The junction in figure 4 is at the 
centre of a slieet ; at the top and bottom 
the section would show two sheets over 
the clip and two sheets under, as in 
figure 3.” 


itcrally will be made 
of the form shown 
mised locally where 
ey shonld he tarred 
and battens by two 
4. 


ug. 2, the short end 
iber of screws will be 


i 

covering, one clip is 
lidcs of each sheet ; 


^ S' X 3' sheets four 

clips should bo given on cacli side, one being" placed distant a third 
of the length of the sheet from each end. Tlie clips at the top and 
bottom of each sheet should be fixed so that the lower side of the clip 
is 21- inches from the lower edge of the overlapping sheet ; and iu all 
cases the centre of the clip will be immediately over the centre of the 
batten. 


Kotc. — The junction shovm in JTig. 3 is at the centre of a sheet ; at the top and 
bottom the section would show two slicct« over the clip and two sheets under. For 
6' X 2' sheets the total number of clips required is 2 per sheet— for S' X 3' sheets 
3 per sheet : to these must be added the extra clips required at the eaves and along 
one short side of the roof. 

V* Hooks* — in the “ Naini Tal ” pattern of roofing, hooks are 
required at the caves and ridge : these are shown in Figs. 5 and 2. They 
should be made of lY x 14 B. W. G. mild steel, and the portion ex- 
posed to view should be galvanised if the roof clips have been so 
treated. 

VI* Method of Laying. — The roof must always be laid so 
that the exposed ends of the clips are on the leeward side of the battens 
with reference to the prevailing wind during the rains. 

The distance apart having been determined as in para. IT., an overlap in 
the length of sheets of 6 inchos being allowed for, the first line of battens 
is laid l^inch clear of the leeward edge of the roof. Gauges consisting of 



PLATE LXXII. 
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tlj(' JS*?C'’;“ary <5plny on cillicr siflc being given by driving hard wood 
^'re.lge^ of the projHT silmpe utidcr the sliccts v/liilo still in the press. 

Th'.’ ridge should overlnp nt least 0 inches longitudinally, 

ftiul fdiotild ns n rule In' Inid on plnnla'ng ns shown in Fig, 2. In sub- 
sidiary buildings it niny be Inid direct on the uppermost battens. 



LE MESURIER SYSTERI OF ROOFlNt;. 


SPEOIFKltVnON. 

I. Shoot iuft. — Tho ivof iwv\i>ur will ov'U'ait of \Am ivoa, 

gnlvi'.nisv'vl or \nn;ntvn>>i-.v\l, m Murv \'0 Foi':u<v(ol,v *']H'oitKsl, uml of du' 
i^aujjo iloouU'd otu Uor:ulvnn;-u\l iron will l>o j;ivv'\\ a oon( of tiO' liO^l 
on hot on tho uiuloiri^lo hoforo Ivinj; }'1 ihh‘v\ in |' 0 ‘iitU'U, ivn^l wiU OH'oivo 
two ooatt! of tMi'liorl'a I'nint aftor layio.n' ia oonn'h'lo^h 

Wlu'u no rlihro j'lnul.iiut i-i hh\l mnl tilu'i't'i h foot hvoml t\(V \irnnf foc 
tho roof (ho riditinj;' (tlunild ho (>f I'O It, W. If, t-hoot io*n o\ooi‘t' h\ 
unoxj'o‘;o,l iiitnationn ; in othor oio.oa It, W, (f, hhooto may ho ninnl 
for tho rivlftitu', 

Itoforo luyinir, tho nhoot’i (whon n(‘t iu\)tort(Hl in n tlnh'luHl oondltlmO 
will ho hont in n jirotn [ ottor iiro'Oiiui*;, tiu' two loitff niiloit of tlto tilo’ol 
will ho ini in /•'/(/, -t (if iio(HiniiiitnyinK (liHwinff, whii'h in drawn half ah'.o. 

II. Planlllnf.{,'~-'l'ho (ihoo|ini{ will ho laid on iila(d.lH|{ id' thi< 
tiinhor (lopandoly ii|i(H'lllod. 'I'ho I'lanloi will ho (1 or '/ jnidioti hr(iad 
find t inch (hiid; laid horizontally. In tho niajoiity (d' iifationa whan lha 
njian dooa not. oxi'coil ft(i loot it will lio found inoid. aaonoiiiiaid In lay 
thill hoai'diiif' diroat. on tho woodon initiol|'id ridiora of Iriiiaiaa, 'I’ho 
difitaiioo ajmrt. id’ (lio ia (rnamm, or (d' tho aonunon rid'tara whara loniino 
aro nimd, aliotdd not, ovoood (! I'ool with loaal |diiidiiii|f of avarajfo (|n(dHy, 
Boforo tho ahootn aro laid Iho |danliinff and hidtana wHl ho filvon (oio 
(loal. of tar laid on hot,. In animhilary hnlldin/fa llio ahoaUnti iiiiiy ho 
laid oil.hor on “ opon hoardin/j ” or on iiiniliia an wKli aoiriiftalad li'oii, 

III. Bahlionn. t—iiio ha! 1.00(1 will ho fl Inahaa lon/f hy if, j/ialiati 
broad ronndod on Mio l.op to a aandolralo (d' ^K-iindi radfii/i (.hoy (dioiild (m 
ronr'hly onl. from any aorapa of wood v/ldali may ha ayallahla, d'liay v/l'H 
ho fafitoroid to Urn planlrloB hy rmo Vj-liioh iwi'ov/ flrlyun fi'oiii ahnya, 

](o, 


( 8 ) 

pieces of hoop iron bent to the oxnct slmjio of ii projmi'ed fjhoftt, ttm 
placed in the position tlio slioots will occupy on the board iip/—o/)C over 
the bottom batten and ouo over tho top, A stn'iif/ hi tboo fifMUihdd. 
between the points thus determined, and the eecotid row of battens fixed by 
a single ]|-inch screw driven 1^> inohcH from tho i)i)p(ir end of tluj iMUin i 
this process is repeated throughout the roof, care being tahen to get the 
screws fixing the batten in a straight line. Tha last line of kUUm will 
be laid 1| inches clear of the windward edge of tho roof. 

The battens fixed, the first row of clips is laid, one over the cru'itro of 
each batten on the leeward edge of the roof, and faafenod by three screws 
as in Fiff. 4. The first line of sheets is then laid over those clips, an 
overlap of 6 inches being given, and each sheet fastened hy a siftgie I inch 
screw placed inches from its upper edge midway between the battens. 
The upturned exposed end of the clip is then hammered down with a 
wooden mallet to the position shown in Fig, 4, 

The first line of sheets having been kid the second line of clips k kid 
over their onter (windward) edge and screwed down, then the second line 
of sheets and so on until the whole roof k covered. 

The sheets in the last line (on the windward Aide) have in all caeca to 
be specially bent, as the two long sides must be similar, and usnally 
require to be cut to a special breadth. TTic sheets sbordd be kid from 
the eaves upwards ; the uppermost sheet being cut to such a length as 
wiU ensure the ridging sheet oyerlapping it by at least 10 inches and its 
upper edge should be turned up approximately in tlio form of a semi- 
circle or -i-inch diameter, the long edges beijig cut to enable this to be 
done. 

JVfffe, — With inexperienced worir-jicofila It Ifi fKlrf'eatlc to hy tha hntteriff and 
steering simnltaneonsly as the worh pmcNuh, the work on the hattenn hefng kept 
slightly ahead of the laying of tho ohoola When the caqicntera in charge Mly 
understand the work it will f>c fotind UoM to lay all the hattena /Imt; When, it le 
necessary to lay a large roof as ink ly aa poadhia tsvo pai'Oea shrmrirheemproyed; 

one fixing the sheets and clips, tlio othor I ho l‘at.lori(!, 

VII, Ridging, — tidglng will be laid ou the same pruieiplie 
with a special clip as in Fly, 

The breadth of the ridge ftliea/.g will be .ceparatoif orr 2 -—^ 

usually he ^ feet before pressing# 

The ridge shr/ds may be bent m the aanm prr-= ar tcamcr 






